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( I ) 



wherein H\ R^. R^, R* and R* are independently hydrogen, Ci-« alkyl. Ci-ccycloaikyl, C1-3 alkoxy, n- 
botoxy. i'botoxy, sec-butoxy. R'R^N- (wherein R' and R* are independently hydrogen or C1.3 alkyl), 
trifluoromethyl, trifluoromethoxy, difiuoromethoxy. fiuoro, chloro. bromo. phenyl, phenoxy* tienzyioxy, 
hydroxy, trimethylsllyloxy, diphenyi-t-butylsilyloxy. hydroxymethyt or -0(CHa)tOR^* (wherein R*' is hy- 
drogen or Ci-a alkyl. and t is 1,2 or 3); or when located at the ortho position to each other, and R^. or 
R3 and R^ together fonm -CH-CH-CHsCHs or when located at the ortho position to each other, R* and R^ 
together form -OC(R^sj(Rifi)o. (wherein R's and R^« are independently hydrogen or Ci -3 alkyl); Y is -CHa-. 
-CH2CH2-. -CH=CH-. -CH2-CHaCH- or -CH » CH-CHa-: and Z is -Q-CH2WCH2 COaR'^ 




I 

(wherein Q is -C(0)-. -QOR^S)^. .cH(OH)-: W is -C(0)-, -C(OR^3)2- or -C(R")(OH)-; R" is hydrogen atom 
or Ci -3 alkyl: R^^ is hydrogen or R^^ (wherein R^^ is physiologically hydrolyzable alkyl or M (wherein M is 
NH4.. sodium, potassium. 1/2 calcium or a hydrate of lower alkyl amine, di-iower alkyl amine or tri-lower 
alkyl amine)); two R^^ independently primary or secondary Ci alkyl: or two R^' together form -(CH2)2- 
or -(CHa)3; R^' and R'» are Independently hydrogen or C1-3 alkyl; and R* is hydrogen. Ci-« alkyl, Ca-a 
alkenyi, C3-6 cycloalkyl. 

(wherein R^ Is a hydrogen atom. C1-4 alkyl. Ci-a alkoxy. fiuoro. chloro. bromo or trifluoromethyl). phenyl- 
(CH2)«- (wherein m is 1.2 or 3). -(CH2)nCH(CH3)-phenyl or phenyl-(CH2)nCH(CH3)- (wherein n is 0.1 or 2). 
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QUINOUNE TYPE MEVALONOLACTONES 



The present Invention relates to novel mevalonolactones having a quinollne ring, processes for their 
production, pharmaceutical compositions containing them and their pharmaceutical uses particularly as anth 
hyperllpidemic. hypollpoproteinemic and antl-atherosclerotic agents, and intermediates useful for their 
production and processes for the production of such Intenmediates. 
6 Some fenmentatlon metabolic products such as compactlne. CS-514. Mevlnolin or semhsynthetic 
derivatives or fully synthetic derivatives thereof are known to be inhibitors against HMQ-CoA reductase 
which is a rate limiting enzyme for cholesterol biosynthesis. (A. Endo J. Med Chem., 28(4) 401 (1985)) 

CS*514 and Mevlnolin have been clinically proved to be potentially useful anti-hyperllpoproteinemic 
agents, and they are considered to be effective for curing or preventing diseases of coronary artery 
70 scierosis or atherosclerosis. (IXth Int. Symp. Drugs Affect. Lipid Metab., 1986, pdO. p31, p66) 

However, with respect to fully synthetic derivatives, particularly hetero aromatic derivatives of inhibitors 
against HMG-CoA reductase, limited information is disctosed in the following literatures: 
WPI ACC NO. 84-158675. 86-028274. 86-098816. 86-332070, 87-124519. 87-220987. 88-07781, 88^)08460. 
88<I91798 and 88-1 12505. 

rs The present inventors have found that mevaionolactone derivatives having a quinollne ring, the 
corresponding dihydroxy carboxyllc acids and salts and esters thereof have high inhibitory activities against 
cholesterol biosynthesis wherein HMQ-CoA reductase acts as a rate limiting enzyme. The present invention 
has been accomplished on the basis of this discovery. 

The novel mevaionolactone derivatives of the present Invention are represented by the following formula 

20 I: 



25 



30 




(I) 



wherein R\ R^, R3. and R^ are independently hydrogen, Ci-s alkyi, C3-6 cycloalkyi. C1-3 alkoxy, n- 
butoxy, i-butoxy, sec-butoxy, R'R^N- (wherein R^ and R^ are Independently hydrogen or Ci-3 alkyI). 
trifluoromethyl. trifluoromethoxy. difluoromethoxy. fluoro. chioro, bromo. phenyl, phenoxy. benzyloxy. 
hydroxy, trimethylsllyloxy, diphenyl-t-butylsilyloxy. hydroxymethyl or -0(CH2)tORi3 (wherein R'^ is hy- 
drogen or Ci*3 aikyl, and t is 1, 2 or 3); or when located at the ortho position to each other, R^ and R^, or 
R3 and R^ together fdnm -CHsCH-CH^CH-; or when located at the ortho position to each other, R^ and R^ 
together form -0C(R^5)(R^^)O (wherein R^' and R^« are Independently hydrogen or Ci -a aikyl); Y is -CHa-, 
-CHaCHa . -CHaCH-, -CHa-CH«CH- or -CHaCH-CHa-; and Z is -Q-CHaWCHa-COaR^*, 

40 



46 
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(wherein Q is -C(0)-. -CiOR'^h- or -CH(OH)-; W is -C(OK -CCOR^^)^- or -C<R'')(OH)-; R^' is hydrogen or 
Ci~3 allcyl; R^^ is hydrogen or R'* (wherein R^* is physiologically hydrolyzable alky! or M (wherein M is 
NH^. sodium, potassium. 1/2 calcium or a hydrate of lower alkylamine. dt-lower atkylamine or tri*lower 
aJkylamlne)): two R'^ are Independently primary or secondary Ci-s alkyi: or two R'^ together form -(CH2)2- 
or -(CHah-; R^' and R'' are independently hydrogen or Ct-3 alkyl; and R' is hydrogen. Ci-« alkyi, Ca-a 
alkenyl. C3-6 cycloalkyi. 



(wherein R^ Is hydrogen. Ct alkyl. Ci -3 alkoxy, fluoro, chloro. bromo or trifluoromethyl). phenyHCHa)^- 
(wherein m is 1. 2 or 3). -(CH2)nCH(CH3)-phenyl or phenyI-(CH2)nCH(CH3)- (wherein n is 0, 1 or 2). 

Various substituents in the formula i will be described In detail with reference to specific examples. 
However, it should be understood that the present invention is by no means restricted by such specific 
examples. 

Ci-fi alkyl for R\ R^, R3. r*, rs and R^ Includes, for example, methyl, ethyl, n-propyl, i-propyl, n-butyl. 
i-butyl. sec-butyl and t-butyl. C1-3 alkoxy for R\ R?. R^. R* and R« Includes, for example, methoxy. ethoxy. 
n-propoxy and i-propoxy. 

C1-3 alkyl for R^^ includes, for example, methyl, ethyl, n-propyl and i-propyl. 

C1-3 alkyl fbr R^3 includes, fbr example, methyl, ethyl, n-propyl and i-propyl. 

Alkyl fbr R^^ Includes, for example, methyl, ethyl, n-propyl. I-propyl, n-butyl and l-butyl. 

M is a metal capable of forming a phanmaceutically acceptable salt, and It includes, for example, 
sodium and potassium. 

CO2M Includes, for example, -CO2NH4 and -COaH* (primary to tertiary lower alkylamine such as 
trimethylamine). 

C1-6 alkyl for R^ includes, for example, methyl, ethyl, n-propyl, I-propyl. n-butyl. l-butyi. sec-butyl, t* 
butyl, n-pentyl and n-liexyl. 

Ca-c cycloalkyi for R^ includes, for example, cyclopropyl, cyclobutyl. cyctopentyl and cyctohexyl. 

C2-a alkenyl for R^ includes, for example, vinyl and i-propenyl. 

Phenyl-(CH2)m- for R^ includes, for example, benzyl. j3-phenyiethyl and r-phenylpropyl. 

PhenyKCH2)„CH(CH3)- for R^ Includes, for example, o-phenylethyi and a-benzylethyl. 

Ci -3 alkyl for R' and R> includes, for example, methyl, ethyl, n-propyl and i-propyl. 

Further, these compounds may have at least one or two asymmetric cartwn atoms and may have at 
least two to fbur optical Isomers. The compounds of the formula I include all of these optical isomers and all 
of the mixtures thereof. 

Among compounds having carboxylic acid moieties failing outside the definition of -COzR^^ of the 
carboxyllc add moiety of substituent Z of the compounds of the present Invention, those which undergo 
physiological hydrolysis, after Intake, to produce the conresponding carboxylic acids (compounds wherein 
the -COaR^^ moiety is -COaH) are equivalent to the compounds of the present invention. 

Now. preferred substituents of tiie compounds of ttie present Invention will be described. 

In ttie following pretended, more prefenred still further perferred and most prefenad examples, ttie 
numerals for the positions of the substituents Indicate the positions on the quinoilne ring. For example, n' 
^wn by e.g. 1' or 2' Indicates tiie position of the substituent on the phenyl substituted at the 4-posttion of 
the quinoilne ring (the carbon connected to the quinoline ring is designated as T). The meanings of the 
respective substitoents are the same as tiie above-mentioned meanings. 

Prefenred substituents for H\ R^ and R^ are hydrogen, fluoro. chloro. bromo. Ci-a aOcyi. C1-3 alkoxy. 
C3-6 cycloalkyi, dimethylamino. hydroxy, hydroxymettiyl. hydroxyettiyl, trifluoromettiyl, trifluoromethoxy, 
diffuoromethoxy. phenoxy and benzyloxy. 

Furttier. when R« Is hydrogen, it is preferred that R' and R^ togettier fonn metiiylenedloxy. 

As preferred examples for R^ and R*, when R* Is hydrogen. R^ is hydrogen. 3'-fluoro, 3'-chloro. 3'- 
methyl. 4 -methyl, 4'-chloro and 4'-f!uoro. 

Ottier prefenred^ combinations of R^ and R* Include 3'-metiiyl-4'-chloro. 3'.5'-dichloro. s'.s'-difluoro. 
a'.5'-dimethyl and 3'-methyl-4'-fluoro. 

Preferred examples for R' include primary and secondary Ci -s alkyl and Ca-s cycloalkyi. 

Preferred examples for Y include -CH2-CH2- and -CHaCH-. 

Preferred examples for Z include 
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-CH(OH)CH2CH2(OH)CH2C02R'2^ -CH(OH)CH2C(0)CH2C02R'2 and -CH(0H)CH2C(0R'3)2CH2CO2R'2. 
70 Now, more preferred substituents of Uie compounds of the present Invention will be described. 

As more preferred examples for R\ R^ and R^, when both R^ and R^ are hydrogen. R^ is hydrogen, 5- 
fluoro, 6-fluoro, 7-fiuoro, 8-fluoro, 5-chloro, 0-chloro, 7-chloro, 8-chloro, 6-bromo, 6-bromo, 7-bromo, 8- 
bromo. 5-methyl, 6-methyl, 7-methyl, 8-methyl, 5-methoxy. 8-methoxy, 7-methoxy, 8-methoxy, 5- 
trlfluoromethyl, 6-trifluoromethyl. 7-trifluoromethyl. 8-trifluoromethyl. 6-trlfIuoromethoxy, 6-dlfluoromethoxy, 
'6 8-hydroxyethyl, 5-hydroxy. 6-hydroxy, 7-hydroxy, 8-hydroxy, 8-ethyl, 8-n-butyl and 7-dlmethylamino. 

When R^ Is hydrogen, R^ and R^ together represent e-chloro-d-methyl. 6-bromo-7-methoxy, 6-methyl-7- 
chloro, 8-chloro-8-hydrQxy, 5-methyl-2-hydroxy. 8-methoxy-7-chloro. 6-chloro-7-methoxy, 8-hydroxy-7- 
chloro, e-chloro-7-hydroxy. 8-ch!oro-8-bromo. 5-chIoro-8-hydroxy, 8-bromo-8-chloro. 8-bromo-8-hydroxy, 5- 
methyl-S-chloro, 7-hydro}(y-8-chioro, 8-bromo-8-hydroxy, 8-methoxy-7-methyt. 8H:hforo-8-bromo, 8-methyl- 
20 8-bromo, 6,7Hjifluoro. 6,8-d!f!uoro. 6.7-methylenedioxy, 8.8-dichloro, 5,8-dlmethyi. 6,8-dlm6thyt, 6,7- 
dlmethoxy. 6,7-diethoxy. 6,7-<fibromo or 8,8-dibromo. 

When R\ R^ and R^ are not hydrogen, they together represent 5.7-dlmethoxy-8-hydroxy, 5,8-dIchloro- 
8-hydroxy, 8,7,8-trimethoxy, 8,7,8-trlm8thyl, 8,7,8-trichIoro, 5-fluoro-8,8-dlbromo or 5-chloro-6,8-dlbromo. 
As more preferred examples for R^ and R^. when R^ Is hydrogen, R^ Is hydrogen, 4'-methyl, 4'-chlorp 
25 or 4'-fIuoro. When both R^ and R* are not hydrogen, they together represent 3 ,5'-dImethyl or 3 -methyW'- 
fluoro. 

As more preferred examples for R'. the above-mentioned prefenred examples of R^ may be mentioned. 

As pretended examples for Y, •CH2-CH2* and (E)-CHaCH- may be mentioned. As more prefenred 
examples for Z, the above preferred examples for Z may be mentioned. 
30 Now, still further prefenred substituents of the compounds of the present invention will be described. As 
examples for R\ R^ and R®, when both R* and R^ are hydrogen. R' is hydrogen, 6-mettiyl. 8-ethyl, 6- 
trifiuoromethyl. 6-hydroxy, 9-metiioxy, 6-chloro, 6-bromo, 6-n-butyl and 7-dlmethylamino. 

When only R^ is hydrogen, R^ and R? represent 6.8-dichloro. 5,d-dimetiiyl. 6,d<limetiiyl, 6,7-dimetiioxy, 
8,7-dlethoxy, 6,7-dibromo, 6.8-dlbromo, 6,7-dlfluoro and 6,8-difluoro. 
3S As still further prefenred examples for R^ and R*. when R^ is hydrogen, R* Is hydrogen. 4'-chloro or 4*- 
fluoro, or R^ and R* together represent 3'-methyl-4'-fluoro. 

Still further prefenred examples for R^ include ethyl, n-propyl. l-propyl and cyclopropyf. 

Still further preferred examples for Y Include (E)-CH»CH-. 

As still furtiier prefenred examples for Z. the above-mentioned prefenred example for Z may be 
^ mentioned. 

Now, tiie most prefenred substituents fbr ttie compounds of tiie present invention will be described. 
As the most prefenred examples fbr R^ R? and when both R? and R^ are hydrogen. R^ is hydrogen, 
6-metiiyl or 8-chloro. 

When only R^ Is hydrogen. R^ and R^ together represent, for example, 6.7-dlmethoxy. ^ ^ 
48 As the most preferred examples for R^ and R^, R^ Is hydrogen and R^ is hydrogen, 4'-chloro or 4 - 
fluoro. 

The most prefenred examples for R^ include i-propyi and cyclopropyl. The most preferred example for 
Y may be (Ey-CH«CH-. 

As tiie most preferred examples fbr Z. the above-mentioned preferred examples for Z may be 
so mentioned. 

' Now. particularly preferred specific compounds of the present Invention will be presented. The following 
compounds (a) to (z) are shown in the fomn of carboxyllc acids. However, the present invention include not 
only tiie compounds in tiie form of carboxyllc adds but also the corresponding lactones formed by the 
condensation of tiie carboxyllc acids with hydroxy at ttie 5-position. and sodium salts and lower allcyi esters 
55 (such as methyl, ethyj. i-propyl and n-propyl esters) of the carboxyllc acids, which can be physiologically 
hydrolyzed to the carboxyllc acids. 

(a) (E)-3,5-dihydroxy-7-[4'-(4"-fluorophenyl)-2'-(1 "•metiiyletiiyi)-quinolln-3'-yll-hept-8-enolc acid 
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<b) (E)-3.5-dihydroxy-7-(4-(4''-fIuorophenyl)-2'-(l''-methylethyl>-6'M:hloro-qulnon 

acid 

(c) (E)-3.5-dlhydroxy-7^4'-(4''-fluorophenyl)-2'-(r'-methylethyl)-6'-methyl«K?uinoli^ 

acid 

(d) (E)-3.5HJIhydroxy-7<4'-(4''-fluorophenyl)-2'-(l'^methyl8thyl)-e\7'Hji^ 
enoic acid 

(e) <E)-^.5<Jihydroxy-7-[4'-(4 '-fIucrcphenyl)-2'-cyclopropyh^ acid 

(f) (e)-3.5-dlhydroxy-7-[4'^4'';fluorophenyl)-2';cyctopropyl-e <hloro-quinolln-3'-yl]-hept-0-enoic acid 

(g) (E)-3.5-dihydroxy-7-[4'-J4''-fluoroph8nyl)-2'-cyclopropyl-8'-rne^^ -ylI-hept-6-6noic acid 

(h) (E)-3,5-dlhydroxy-7-[4^4''-ffuorophenylh2'-cyclopropyl-e\7'<limethoxy'<|uin^ 
oicacid 

(1) (E)-3.5-dihydroxy-7-[4'-^4"-<jhIorophenylh2'-(l "-rnethylethyl)-quinoiin-3'-ylhh8pt-8-enolc acid 

(i) (E)-3.5-dlhydroxy-7-(4 •(4"-chlorophenyl)-2 -(1 "'methylethyl)-6'-chloro-quinolIn-3'-ylHiept-0-encic 

acid 

(k) (E)-3.5<lihydroxy-7-(4'H4''-chlorophenyl)-2'-{r'-methyietliyl)-e'-methyl-quinolln^ 

acid 

(1) (E)-3.5-dihydroxy-7-[4'H4''*chlorophenylh2'-(r'-methytemyf)-6\7'H^^^ 
enoic acid 

(m) (E)-3.S<lihydroxy-7-[4'-(4"K:hiorop)ienyi)-2'-<:ycfopropyh(julnol^ acid 
(n) (E)-3.5-dihydroxy-7-[4[-(4''-chiorophenyl)-2]-cyc!opropyl-6 -ch 

(o) (E)-3.5Klihydroxy-7-[4'-^4''-chIorophenyl)-2'-cyclopropyl-6'-meth^ add 
(P) (E)-3.5-dihydroxy-7-[4 ^4 '<hlorophenyl)-2'-cyclopropyl-6'7'-dimethoxy-c|uinolin-3 -ylhhept-e^n- 
olc acid 

(q) (E)-3.5<lihydroxy-7-t4'i3h8nyl-2'-(l ''-methyi©thyl)'^uinoIin-3'-ylh^ acid 
(r) (E)-3,5-dihydroxy-7-[4'-ph8nyl-2'-{1 ' ;methylethyl)-e -chIoro-quinolln-3'-yl]-hept-e-8nolc acid 
(s) {E)-3.S-dihydroxy-7-(4'-ph8nyl-2'^l ''-m8thyiethyl)-e'-m acid 
(t) (E)-3.5-dihydroxy-7-(4';phenyl-2'-(l"- methyl8thyI)-6'.7''<jim8thoxy-qulnolln-3'-yll-hept-e'8noic acid 
(u) (E)-3.5Kllhydroxy*7-[4^-phenyl-2'-cyclopropyl-quinolin-3'-yl]-h8pt-6^oic add 
(v) (E)-3.5Kjihydroxy-7-[4'-ph8nyl-2'H:yclopropyl-e'<hloro<iuinolln-^ add 
(w) (E)-3.5<iihydroxy*7"[4 -phenyl-2'-cyclopropyi^'-m8thyl^ -yfl-hapt-a-anoic acid 

(x) (E)-3,5-dihydroxy-7-[4'-(jh8nyi-2'-cycfopropyl-e'/<limetho add 
(y) (E)-3.5-dihydroxy-7-{4'-(4"-fluoroph8nyl-2 -(l"-methYi8thyl)-e'-methoxy-quinoiin-3'-yl]-li8pt-6-8n- 
oic acid 

(2) (E)-3,5-dIhydroxy-7-[4'.(4''-f!uoroph©nyl-2''Cyclopropyl-e'-methoxy-quinolin-3'-ylhhepM-^oi^ 

acid 

The mavalonolactones of the formula I can be prepared by the following reaction scheme. The enal 111 
can also be prepared by processes K. L and M. 
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In the above reaction scheme. R\ R^. R*. R^. R« and R^^ are as defined above with respect to the 
formula i. and R^^ and R^ independently represent Ci-i lower alkyl such as methyl, ethyl, n-propyl. i- 
propyl or n-butyl. 

Step A represents a reduction reaction of the ester to a primary alcohol. Such reduction reaction can be 
conducted by using various metal hydrides, preferably diisobutytaluminium hydride, in a solvent such as 
tetrahydrofuran or toluene at a temperature of from -20 to 20* C. preferably from -10 to 10* C. 

Step B represents an oxidation reaction of the primary alcohol to an aldehyde, which can k}e conducted 
by using various oxidizing agents. Preferably, the reaction can be conducted by using pyridlnlum 
chlorochromate in methylene chloride at a temperature of from 0 to 25* C. or by using oxalyl chloride, 
dimethyl sulfoxide and a tertiary amine such as triethylamine (Swem oxidation), or by using a sulfur trioxide 
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pyridine complex. 

Step C represents a synthesis of a 3-ethoxy-1-hiydroxy-2-propene derivative,, which can be prepared by 
reacting a compound V to lithium compound which has been preliminarily formed by treating cis-l-ethoxy- 
2-(tri-n-butylstannyl)ethylene with butyl lithium In tetrahydrofuran. 
6 As the reaction temperature, it Is preferred to employ a low temperature at a level of from -60 to -78* C. 

Step D represents a synthesis of an enal by acidic hydrolysis. As the acid catalyst It is preferred to 
employ p-totuene sulfonic acid, hydrochloric acid or sutfuric add, and the reaction may be conducted in a 
solvent mixture of water and tetrahydrofuran or ethanol at a temperature of from 10 to 25* C. The 3-ethoxy- 
1-hydroxy-2*propene derivative obtained In Step C can be used in Step D without purification l.e. by simply 
10 removing tetra-n-butyi tin formed simultaneously. 

Step E represents a double anion condensation reaction between the enal III and an acetoacetate. Such 
condensation reaction is preferably conducted by using sodium hydride and n-butyl lithium as the base in 
tetrahydrofuran at a temperature of from -80 to 0* C, preferably from -30 to -10* C. 

Step F represents a reduction reaction of the carbonyl group, which can be conudcted by using a metal 
f5 hydride, preferably sodium borohydride in ethanol at a temperature of from -10 to 25* C, preferably from 
-10 to 6* C. 

Further, the reduction reaction may be conducted by using zinc borohydride in dry ethyl ether or dry 
tetrahydrofuran at a temperature of -ICQ to 25* C. preferably from -80 to -50* C. 

Step G is a step for hydrolyzing the ester. The hydrolysis can be conducted by using an equimolar 
20 amount of a b&se, preferably potassium hydroxide or sodium hydroxide, in a solvent mixture of water and 
methanol or ethanol at a temperature of from 10 to 25* C. The free acid hereby obtained may be converted 
to a salt with a suitable base. 

Step H is a step for forming a mevalonolactone by the dehydration reaction of the free hydroxy acid 1-2. 
The dehydration reaction can be conducted in benzene or toluene under reflux while removing the resulting 
25 water or by adding a suitable dehydrating agent such as molecular sieve. 

Further, the dehydration reaction may be conducted in dry methylene chloride by using a lactone- 
forming agent such as carbodiimide, preferably a water soluble carbodilmide such as N-cyclohexyl-N'-[2'- 
(methylmorphoiinium)ethyl]carbodlimlde p-toluene sulfonate at a temperature of from 10 to 35 * C. preferably 
from 20 to 25* C. 

30 Step J represents a reaction for hydrogenating the double bond connecting the mevalonolactone moiety 
and the quinollne ring. This hydrogenation reaction can be conducted by using a catalytic amount of 
palladium-carbon or rhodium-carbon In a solvent such as methanol, ethanol, tetrahydrofuran or acetonltrile 
at a temperature of from 0 to 50* C, preferably from 10 to 25* C. 

Step K represents a reaction for the synthesis of an a.^-unsaturated carboxylic add ester, whereby a 

35 trans-form a./3-unsaturated carboxylic acid ester can be obtained by a so-called Homer-Wittig reaction by 
using an ali<oxycarbonylmethyl phosphonate. The reaction is conducted by using sodium hydride or 
potassium t-butoxide as the base in dry tetrahydrofuran at a temperature of from -30 to 0*C, preferably 
from -20 to -15* C. 

Step L represente a reduction reaction of the a./9-unsaturated cartsoxyllc add ester to an ailyl alcohol. 
40 This reduction reaction can be conducted by using various metal hydrides, preferably diisobutylaluminium* 
hydride, in a soh^ent such as dry tetrahydrofuran or toluene at a temperature of from -10 to 10* C, 
preferably from -10 to 0* C. 

Step M represente an oxidation reaction of tiie allyl alcohol to an enal. This oxidation reaction can be 
conducted by using various oxidizing agente. particularly active manganese dioxide, In a solvent such as 
46 tetrahydrofuran, acetone, ethyl ether or ethyl acetate at a temperatrue of from 0 to 100* C, preferably from 
15 to 50* C. 

Step N represents a reaction for the synthesis of an a,^-unsaturated ketone by the selective oxidation 
of the dihydroxy carboxylic add ester. This reaction can be conducted by using activated manganese 
dioxide in a solvent such as ethyl ether, tetrahydrofuran, benzene or toluene at a temperature of from 20 to 
60 80* C, preferably from 40 to 80* C. 

tn addition to the compounds disclosed in Examples given hereinafter, compounds of the formulas 1-2 
and 1*5 given in Table 1 can be prepared by the process of the present invention, tn Table 1. i- means iso, 
sec- means secondary and c- means cycle. Ulcewiser Me means methyl. Et means etiiyl. Pr means propyl, 
Bu means butyl. Pent means pentyl. Hex means hexyl and Ph means phenyl. 

55 
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Table 1 




I - 2 (R'*.a) 

I - 5 (B'=.?la) 



D 1 

K 


R * 


R ' 


R * 


R • 


R * 


6-0l!e 


H 


H 


H 


i -Pr 


H 


6-OMe 


H 


4.P 


H 


i-Pr 


H 


6 -Br 


H 


4-F 


H 


i-Pr 


H 


6 — Me 


8 -Me 


4-F 


H 


i-Pr 


H 


7-'0Me 


8-OMe 


4-P 


H 


i-Pr 


H 


6-Br 


R 


2-F 


H 


i-Pr 


H 


6.7 
















4-F 


H 


i-Pr 


H 


H 


H 


4-P 


H 


o 


H 


H 


H 


4-Ph 


H 


i-Pr 


H 


H 


H 


4-PhCHt 


H 


i-Pr 


H 




H 


4- F 


H 


c-Pr 


H 


6-C jZ 


H 


4- F 


H 


sec-Bu 


H 


6-0CH,Ph 


H 


4-F 


H 


i-Pr 


H 


H 


K 


4-F 


H 


i-Bu 


H 


H 


H 


4- F 


H 


c-Pen c 


H 


6-ce, 


H 


4- F 


H 


c-Pen t 


H 


6-.1e,N 


H 


4-F 


H 


i-Pr~~ 


H 
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R « 


R » 


R' 


R* 


R » 


R » 


6-ile 


H 


4- F 


H 


c-Pr 


H 


6-i-Pr 


H 


4- F 


H 


i-Pr 


H 


7-M8 


H 


4- F 


H 


c-Pr 


H 


6-OMe 


H 


4- F 


H 


c-Pr 


H 


6-Br 


H 


4- F 


H 


c-Pr 


H 


6-i-Pr 


H 


4- F 


H 


c-Pr 


H 


6-Cje 


8-C£ 


4- F 


H 


c-Pr 


H 


5-F 


6-Br 


4 - F 


H 


i-Pr 


8-Br 


6-OHe 


7-OWe 


4 -F 


H 


l-Pr 


8-OMe 


6-He 


7-Me 


4- F 


H 


l-Pr 


8-Me 


6-C£ 


7-Cje 


4- F 


H 


i-Pr 


8-Cje 


H 


H - 


4- F 


H 


c-Bu 


H 


H 


H 


4- F 


H 


c-Hex 


H 


6-OMe 


7-OMe 


H 


H 


i-Pr 


H 


6-O.ie 


7-OHe 


4-C£ 


H 


l-Pr 


H 


6-OMe 


7-0»e 


H 


H 


c-Pr 


H 


6-OHe 


7-0»e 


4-C £ 


H 


c-Pr 


H 


6-OHe 


7-OJIe 


4-P 


H 


c-Pr 


H 
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R ' 


R * 


R» 


R * 


R' 


R • 


6 


6<»e 


H 


H 


H 


i-Pr 


H 




8-He 


H 




H 


i-Pr 


H 




6-!le 


H 


H 


H 


c-Pr 


H 


to 




H 


4-C Z 


H 


c-Pr 


H 




6-ite 


H 


4-P 


H 


c-Pr 


H 


ts 


6-C£ 


H 


H 


H 


i-Pr 


H 




s-cz 


H 


4-C£ 


H 


i-Pr 


H 






H 


H 


H 


c-Pr 


H 


20 
















6-C £ 


H 


A'CZ 


H 


c-Pr 


H 




6-Ci 


H 


4-F 


H 


c-Pr 


H 




H 


H 


H 


H 


i-Pr 


H 




H 


H 


4-C£ 


H 


i-Pr 


H 


30 


H 


H 


H 


H 


c-Pr 


H 




H 


H 


4-Ci 


H 


c-Pr 


H 


35 


H 


H 


4-F 


H 


c-Pr 


H 



Further, pharmaceutically acceptable salts such ae potassium salts or esters such as ethyl esters or 
methyl esters of these compounds can be prepared in the same manner. 

The compounds of the present invention exhibit high inhibitory activities against the cholesterol 
biosynthesis wherein HIVIG-CoA reductase acts as a rate limiting enzyme, as shown by the test results 
given hereinafter, and thus are capable of suppressing or reducing the amount of cholesterol In blood as 
lipoprotein. Thus, the compounds of the present invention are useful as curing agents against hyper- 
lipidemia. hyperlipoproteinemia and atheroscieosis. 

They may be formulated Into various suitable formulations depending upon the manner of the 
administration. The compounds of the present invention may be administered In the form of free acids or in 
the fomn of physiologically hydrolyzable and acceptable esters or lactones, or phamnaceutically acceptable 
salts. 

The pharmaceutical composition of the present invention is preferably administered orally in the form of 
^ the compound of the present invention per se or in the form of powders, granules, tablets or capsules 
formulated by mixing the compound of the present invention with a suitable pharmaceutically acceptable 
carrier including a binder such as hydroxypropyl cellulose, syrup, gum arable, gelatin, sorbitol, tragacanth 
gum, polyvinyl pynrolldone or CMOCa, an excipient such as lactose, sugar, com starch, calcium phosphate, 
soriaitol, giydne or crystal cellulose powder, a lubricant such as magnesium stearate, talk, polyethylene 
glycol or silica, and a disintegrator such as potato starch. 

However, the pharmaceutical composition of the present invention is not limited to such oral administra- 
tion and it is applicable for parenteral administration. For example, it may be administered in the form of 
e.g. a suppository formulated by using oily base material such as cacao butter, polyethylene glycol, lanolin 
or fatty acid triglyceride, a transdermal therapeutic base formulated by using liquid paraffin, whito vaseline. 



12 



EP 0 304 063 A2 



a higher alcohol, Macrogol ointment, hydrophillc ointment or hydro-gel base materiai, an injection fbnmuia- 
tion formulated by using one or more materials selected from the group consisting of polyethylene glycol, 
hydro*gei base material, distilled water, distilled water for in]ection and exciplent such as lactose or com 
starch, or a formulation for administration through mucous membranes such as an ocular mucous 
s membrane, a nasal mucous membrane and an orai mucous membrane. 

Further, the compounds of the present Invention may be combined with basic ion-exchange resins 
which are capable of binding bile acids and yet not being absorbed in gastralntestinaf tract. 

The daily dose of the compound of the formula 1 is from 0.05 to 500 mg, preferably from 0.5 to 50 mg 
for an aduit K is administered from once to three times per day. The dose may of course be varied 
70 depending upon the age, the weight or the condition of Illness of the patient. 

The compounds of the formulas II to VII are novel, and they are important Intermediates for the 
preparation of the compounds of the formula I. Accordingly, the present invention relates also to the 
compounds of the formulas It to VII and tiie processes for their production. 

Now. the present invention will be described in further detail with reference to Test Examples for the 
15 pharmacological activities of the compounds of the present Invention, their Preparation Examples and 
Formulation Examples. However, it should be understood that the present invention is by no means 
restricted by such specific Examples. 



20 PHARMACOLOGICAL TEST EXAMPLES 



Test A: inhibition of cholesterol biosynthesis from acetate In vitro 

25 "* 

Enzyme solution was prepared from liver of male Wistar rat blltlaly cannulated and discharged bile for 
over 24 hours. Liver was cut out at mid-dark and microsome and supernatant fraction which was 
preclpitabie with 40-80% of saturation of ammonium sulfate (sup fraction) were prepared from liver 
homogenate according to the modified method of Knauss et. al.; Kuroda, M., et. al.. Biochim. Blophys. Acta, 

Qo 489. 119 (1977). For assay of cholesterol biosynthesis, microsome (0.1 mg protein) and sup fraction (1.0 
mg protein) were incubated for 2 hours at 37*0 in 200 ul of the reaction mixture containing ATP; 1 mM, 
Glutathione: 6 mM. Glucose-1 -phosphate: 10 mM. NAD; 0.25 mM. NADP: 0.25 mM, CoA; 0.04 mM and 0.2 
mM [2-^^C]sodium acetate (0.2 ixGI) with 4 ul of test compound solution dissolved in water or dimethyl 
sulfoxide. To stop reaction and saponify, 1 ml of 15% EtOH-KOH was added to the reactions and heated at 

35 75*0 tbr 1 hour. Nonsaponifiable lipids were extracted with petroleum etiier and incorporated ^^C 
radioactivity was counted. Inhibitory activity of compounds was indicated with 1050. 



Test B: Inhibition of cholesterol biosynthesis In culture ceils 

40 

Hep 02 cells at over 5th passage were seeded to 12 well plates and Incubated with Dulbecco's 
modified Eagle (OME) medium containing -10% of fetal bovine serum (FBS) at 37*0, 5% 002 until cells 
were confluent fbr about 7 days. Cells were exposed to the OME medium containing 5% of lipoprotein 
deficient serum (LpOS) prepared by ultracentrifugation metiiod for over 24 hours. Medium was changed to 

46 0.5 ml of fresh 5% LPDS containing DME before assay and 10 ui of test compound solution dissolved in 
water or DMSO were added. 0.2 uCi of [2-i^0]sodlum acetate (20 ul) was added at 0 hr(B-1) or 4 hrs(B-2) 
after addition of compounds. After 4 hrs furttier incubation with [2-*^0]sodlum acetate, medium was 
removed and cells were washed with phosphate buffered sallne(PBS) chilled at 4*0. Cells were scraped 
with rubber policeman and collected to tubes with PBS and digested with 0.2 ml of 0.5 N KOH at 37*0. 

so Aliquot of digestion was used for protein analysis and remaining was saponified wHh 1 ml of 15% EtOH- 
KOH at 75*0 for 1 hour. Nonsaponifiable lipids were extracted with petroleum ether and ^^0 radioactivity 
was counted. Counts were revised by cell protein and indicated with DPl^mg protein. Inhibitory activity of 
compounds was indicated with 1050. 

55 
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Test C: Inhibition of cholesterol biosynthesis in vivo 

. Male Sprague-Oawley rats weighing about 150 g were fed normal Purina chow diet and water ad 
libitum, and exposed to 12 hours llght/12 hours dark lighting pattern (2:00 PM - 2:00 AM dark) prior to use 
for in vivo Inhibition test of cholesterol biosynthesis. Animals were separated groups consisting of five rats 
as to be average mean body weight in each groups. Test compounds at dosage of 0.02-O.2 mg/kg body 
weight (0.4 ml/100 g body weight), were dissolved in water or suspended or in 0.5% methyl cellulose and 
orally administered at 2-3 hours before mid-dark (aOO PM). while cholesterol biosynthesis reaches to 
maximum in rats. As control, rats were orally administered only water or vehicle. At 90 minutes after sample 
administration, rats were injected intraperitoneaily with 10 uCI of f2-'*C]sodium acetate at volume of 0.2 ml 
per one. 2 Hours later, blood samples were obtained and serum were separated immediately. Total lipids 
were extracted according to the method of Folch et al. and saponified with EtOH-KOH. Nonsaponinable 
lipids were extracted with petroleum ether and radio activity incorporated Into nonsaponifiable lipids was 
counted. 

Inhibitory activity was indicated as percent decrease of counts in testing groups {DPW2 ml serum/2 
hours) from that in control group. 

With respect to the compounds of the present invention, the Inhibitory activities against the cholesterol 
biosynthesis in which HMG-CoA reductase serves as a rate limiting enzyme, were measured by the above 
Test A and B. The results are shown in Tables. 2. 2-2, 3 and 3-2. Further, the results off the measurements 
by Test C are also presented. 

Table 2 



Inhibitory activities by Test A 


Compound 


Iso (molar 




concentration) 


(Compounds of the 




present invention) 




M3 


1.25 X 10-' 


1-51 


1.0x 10-« 


1-52 


7.1 X 10-» 


1-53 


1.9 x 10-' 


(Reference 




compounds) 




Mevinolin 


1.4x 10-« 


CS-514 


9.0 X 10-3 



In Table 2*2. the relative activities are shown based on the activities of CS-514 being evaluated to be 1. 

Table 2-2 



Relative activities by Test A 


Compound 


Relative 
activities 


(Comounds of the 
present Invention) 


1-16 




1-118 


2^5 


1-117 


0.37 


1-120 


3.21 


1-522 


0.76 
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Stmctures of reference compounds: 



(1) Mevinolln 

6 




30 



Table 3 



Inhibitory activities by Test B-1 


Compound 


bo (molar 
concentration) 


(Compound of tlie 
present invention) 


1-51 


1 X 10-' 


(Reference 
compound) 


CS-514 


3.5 X 10-' 



In Table 3-2, the relative activities are shown based on the activities of CS-514 being evaluated to t»e 1. 

so 
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Table 3-2 



5 



Relative activities by 


Test B-1 


Compound 


Relative 




activities 


M16 


19.4 


1-520 


20.0 


11-20 


20.8 



15 Results of the measurement of the inhibitory activities by Test C 

The percent decrease of counts after the oral administration of 0.05 mg/icg of compound 1-520 was 55% 
relative to the measured value of the control group. The percent decrease of counts after the oral 
administration of 10 mg/kg of CS-514 was 55% under the same condition. The compounds of the present 
20 invention exhibited activities superior to the reference compound such as CS-514 or Mevinolln in Test A, 
and exhibited activities superior to C8-514 In Tests B and C. 



Test D: Acute toxidty 

20 

A 0.5% CMC suspension of a test compound was orally administered to ICR male mice (group of three 
mice). The acute toxicity was determined based on the mortality after seven days. With compound 1-57, t- 
• 58. 1-59. 1-51 1. 1-512, 1-513, 1-514, 1-515. 1-517 and 1-523 of the present Invention, the mortality was 0% even 
when they were orally administered in an amount of 1000 mg/lcg. 

30 

EXAMPLES 



35 

Ethyl (E)-3.5-dihydroxy-7-[4-(4''-nuorophenyi)-2'-(l''-methyiethyiHuinoiln-a'-yll-hept-6-en^ (compound 
1-11) (prepared by steps of Example 1-a through Example i-q) 



40 

EXAMPLE 1-a: Ethyl 4-(4'-fluorophenyl)-2-(l''methylethyl)-quinoiin-3-yl-carboxyiate (compound VII-1) 

The synthesis was conducted iri accordance with the method disclosed in J. Org. Chem.. 2889 (1968). 
8.45 g (0.03 mol) of 2-amino-4'-fluorobenzophenone, 5.53 g (0.035 mol) of ethyl Isobutyrylacetate and 
45 0.1 ml of cone, sulfuric acid were dissolved in 30 mi of glacial acetic acid, and the mixture was heated at 
100*C for about 10 hours. After confirming the substantial disappearance of 2-amino-4'- 
fluorobenzophenone by thin layer chromatography, the reaction solution was cooled to room temperature, 
and a mixture of 45 ml of cone, aqueous ammonia and 120 mi of water cooled with ice. was gradually 
added thereto. A separated oily substance was solidified when left to stand overnight in a refrigerator. This 
50 solid was recrystallized from a small amount of ethanoi to obtain 6.47 g (55%) of white powder. Melting 
point 68-70.5' C 

EXAMPLE 1-b; 4-(4'-fluorophenyl)-3-hydroxymethyl-2-(r-methyiethyl)-quinoline (compound Vl-t) 

55 

5.4 g (0.016 moi) of compound Vll-1 was dissolved in dry toluene under a nitrogen atmosphere and 
cooled in ice bath to 0* C. To this solution. 40 ml of a 18 wt% diisobutylalumlnium hydride-toluene solution 
was dropwise added, and tiie mixture was stirred at 0*C for two hours. After confirming the complete 
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disappearance of compound V!l-1 by thin layer chromatography, a saturated ammonium chloride solution 
was added thereto at 0* C to terminate the reaction. Ethyl ether was added to the reaction mixture, and the 
organic layer was separated. A gelled product was dissolved by an addition of an aqueous sodium 
hydroxide solution and extracted anew with ethyl ether. The ethyl ether extracts were put together, dried 
5 over anhydrous magnesium sulfate and filtered. The Solvent was distilled off. The residual oil underwent 
crystallization when left to stand. It was recrystaillzed from ethyl acetate*n-hexane to obtain 3.3 g of white 
crystals. Yield: 70%. Melting point 136-137* C. 

10 EXAMPIH 1-c: 4-<4-fiuorophenyl)-2-(1*-methylethyl)-qulnoiln"3«yi-cart30xy aldehyde (compound V-1) 

2.0 g (9.3 mmol) of pyridinlum chtorochromate and 0.4 g of anhydrous sodium acetate was suspended 
in 10 ml of dry dichloromethane. To this suspension, a solution obtained by dissolving 1 g (3.4 mmoi) of 
compound VI-1 In 10 ml of dry dichloromethane, was immediately added at room temerature. The mixture 
75 was stirred for one hour. Then. 100 ml of ethyl ether was added thereto, and the mixture was throughly 
mixed. The reaction mixture was filtered under suction through a silica gel layer. The filtrate was dried 
under reduced pressure. The residue was dissolved In the isopropyl ether, and insoluble substances were 
filtered off. The filtrate was again dried under reduced pressure, and the residue was recrystaillzed from 
dilsopropyl ether to obtain 0.7 g (Yield: 70%) of slightly yellow prism crystals. Melting point 124-126* C. 

so 

EXAMPLE 1-d: 3-(3'-ethoxy-l'4iydroxy>2-propenyi)-4-(4'-fiuorophenyl)-2-(l'-methylethyl)-qulnoHne 
(compound IV-1) ' 

28 1.13 g (3.13 mmoi) of ci8-1-ethoxy-2-(trl-n-butylstannyl)ethylene was dissolved in 8 ml of dry 
tetrahydrofiiran, and the solution was cooled to -78* C In a nitrogen stream. To this solution, 2 ml (3.2 
mmol) of a 15 wt% n-butyllithlum-n-hexane solution was dropwise added. The mixture was stirred fbr 46 
minutes. Then, a solution prepared by dissolving 0.78 g (2.6 mmol) of compound V«1 In 10 ml of dry 
tetrahydrofuran was dropwise added thereto. The reaction mixture was stinred at -78* C for two hours. Then, 

30 2 ml of a saturated ammonium chloride solution was added thereto to terminate the reaction. The organic 
layer was extracted witii diethyl ettier, and the diettiyl ether extract was washed witii a saturated sodium 
chloride aqueous solution and dried over anhydrous magnesium sulfate. The solvent was distilled off under 
reduced pressure. The residue was separated with n-hexane and acetonitriie. The solvent was distilled off 
under reduced pressure from tiie acetonitriie layer, and an oily substance thereby obtained was purified by 

38 silica gel column chromatography (eluent 2.5% metiianol-chlorofomn) to obtain 0.91 g of tiie desired 
compound in a purified oily form. 
H-MNR (COCI3) 5 ppm: 

1.1(t3H,7Hz) 1.37(d,6H,Ja7Hz) 3.7(m,1H) 3.7(q.2H,J = 7Hz) 4.75(t,lH.7H2) 5.7{m,1H) 5,95(m,1H) 7.05-8,2- 
(m.8H) 

40 

EXAMPLE 1-e: (E)-3-[4'-(4"-fluorophenyQ-2'-(l''-methylethyl)<iuinol!n-3'-yllpropenaldehyde (compound HI* 

n 

4S 0.91 g of compound IV-1 was dissolved In 20 ml of tetrahydrofuran. and 5 ml of water and 100 mg of p- 
toluenesulfonic add were added thereto. The mixture was stirred at room temperature for 24 hours. The 
reaction solution was extracted witti diethyl ether a few times. The extracts were washed witii a saturated 
sodium chloride aqueous solution and dried over anhydrous magnesium sulfate. Then, the solvent was 
distilled off. The residue was purified by silica gel column chromatography (eluent chloroform) to obtain the 

60 desired product as white prism crystals. 0.4 g (50%). Melting point 127-128* C. 

EXAMPLE 1-f: Ettiyl (E)-7-[4'-(4"-fluorophenyl)-2^-(l'*-methyletiiyl)-qulnolln-3Vl>54iydrDxy-3-o^ 
enoats (compound U-1) 

5S 

50 mg of 60% sodium hydride was washed with dry petroleum ether and dried under a^ nitrogen stream, 
and tiien suspended in 5 ml of dry tetrahydrofuran. The suspension was cooled to -15*0 In a nitrogen 
atmosphere. Then, 120 mg (0.92 mmol) of ethyl acetoacetate was dropwise added ttiereto, and the mixture 
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was stirred for 15 minutes. Then, 0.8 mi (0.92 mmot) of a 15 wt% n-butyllithium-n-hexane solution was 
dropwisd added thereto, and the mixture was stirred for 30 minutes. Then, a solution prepared by dissolving 
160 mg (0.5 mmol) of compound lll-l in dry tetrahydrofuran, was dropwise added thereto, and the mixture 
was stinred for one hour. To the reaction mixture, 1 ml of a saturated ammonium chloride aqueous solution 
s was added at -15*C. Then, the mixture was extracted three times with diethyl ether. The diethyl ether 
solution was washed with a saturated sodium chloride aqueous solution and dried over anhydrous 
magnesium sulfate. The solution was evaporated to dryness under reduced pressure. The residue was 
recrystallizad from dilsopropyi ether to obtain 130 mg (yield: 59%) of white crystals. Melting point: 99- 
lOt'C. 

to 

EXAMPLE 1-g; Ethyl (E)'3,5-dihydroxy-7-[4'H4"-fluorophenyt)-2'-(l"-methylethylHuinoH 
oate (compound 1-11) 

ts 110 mg (0.245 mmoi) of compound 11-1 was dissolved in 5 mi of ethanol in a nitrogen atmosphere, and 
the solution was cooled 0*C. Then, 10 mg (0.263 mmol) of sodium borohydride was added, and the 
mixturer was stirred for one hour. Then, 1 ml of a 10% Hydrochloric acid aqueous solution was added 
thereto, and the mixture was extracted ttiree times with etiiyl ether. The ethyl ether solution was washed 
with a saturated sodium chloride aqueous solution and dried over anhydrous magnesium sulfate. Then, the 

20 solution was evaporated to dryness under reduced pressure. The residual oil was purified by silica gel 
column chromatography (eluent: 5% mettianol-chloroform) to obtain the desired product as a pure colorless 
oily substance. 70 mg (Yield: 64%) 
H-NMR (COCia) 5 ppm: 

1.30(t.3H.J»8Hz) 1.39(d.6H.J=8Hz) 1 .4-1 .8(m.2H) 2.42(d.2H.J»7Hz) 3.0-3.8 (m.2H) 3.50(m,1H) 3.9-4.6- 
as (m.2H) 4.20(q.2H.J »8Hz) 5.35(m.1H) 6.59(m.1H) 7.1 0-8.1 8{m.8H) 



EXAMPLE 2 

30 

Sodium salt of (E)-3.5-dihydroxy-7-[4'-(4"-fluorophenyl)-2'-(r'-metiiylethyl)-quinottn"3'-yi>hept-»enoic acid 
(compound 1-51) 

39 60 mg (0.133 mmol) of compound 1-11 was dissolved in 3 ml of ethanol. Then, 0.26 ml of a 0.5 N 
sodium hydroxide aqueous solution was dropwise added tiiereto. The mixture was stirred at room 
temperature for further one hour, and ethanol was distilled off under reduced pressure. Then. 5 ml of water 
was added thereto, and tiie mixture was extracted with ethyl ether. The aqueous layer was freeze<iried to 
obtain 40 mg (67^^) of hygroscopic white powder. Melting point: 207-209* C (decomposed). 

40 

EXAMPLE 3 



(E) -3.5-dihydroxy-7-[4'-(4"-fluQrophenyl)-2'-(l"-methylethyl)*quinolin-3'-yll-hept-6-enoic acid (compound I- 

ST 

110 mg (0.244 mmol) of compound 1-11 was dissolved in 10 mi of ethanol. Then. 0.79 ml of a 0.5 N 
so sodium hydroxide aqueous solution was dropwise added tiiereto. The mixture was stirred at room 
temperature fbr further one hour, and ethanol was distilled off under reduced pressure. Then. 10 ml of water 
was added thereto, and the mixture was extracted with ethyl ether. The aqueous layer was wealdy acidified 
(pl^ 4) witii a dilute hydrochloric aqueous solution and extracted three times with ethyl ether. The ethyl 
ether layers were put together and dried over anhydrous magnesium sulfate. Then, the solvent was distilled 
ss off under reduced pressure to obtain 90 mg of slightiy yellow oily substance. 
14-NMR (CDCia) a ppm: 

1.36(d,6H.Jai7Hz) 2.4(m.2H) 3.5(m.1H) 3.45(m.1H) 3.8-4.6(m.2H) 5.40(dd.1H.Ji :>19Hz.J2 "8Hz) 6.55 
(d.lH.J«19Hz) 7.0-8.3(m.8H) 
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EXAMPLE 4 



5 (E)^-[4'(4'-fluoroph9nyl)-2'-(l"-methylethylHuinoiln*3'«ylethenyiH'hydroxy^ 
2on9 (compound l-3l7 ! ' 

90 mg of compound 1-21 was dissolved In 10 ml of dry toluene, and the solution was refluxed under 
heating for 3 hours by means of a Dean Stark apparatus. 
10 Toluene was distilled off under reduced pressure, and the residual solid was recrystalllzed from 
dilsopropyl ether to obtain 40 mg of colorless prism crystals. Melting point 182-184* C. 

By silica gel thin chromatography, the product gave two absorption spots close to each other 
attributable to the diastereomers. (Developping solvent: 3% methanol-chloroform) 

These diasteromers were separated and isolated by silica gel thin layer chromatography. [Developping 
15 solvent t-BuOMe/heKane/acetonea7/2/l (vA/). Rf aO.6 and 0.7 (obtained weight ratio: 1/2)] 

Rf aO.7: trans lactone 

20 H-NMR (CDCI3) a ppm: 

1.40(d,eH.J=7Hz) 1.e(m.2H) 2.6S(m,2H) 3.48(m,1H) 4.20(m.1H) 5.16(m.1H) 5.37(dd»1H.Ji =»18Hz,J2 =7Hz) 
6.68(d,1H,Ja19Hz) 7.1-8.2(m.8H) 



2S 



Rfao.6: cis lactone 



H-NMR (CDCI3) S ppm: 

1.40{d.8H.J = 7Hz) 1.e(m.2H) 2.e5(m^H) 3.48(m.1H) 4.20(m.1H) 4.65(m.1H) 5.40(dd,lH.Ji a18Hz.J2=7Hz) 
30 6.66(m.1 H) 7.0-a2(m.8H> 



EXAMPLES 

38 

e.^4'-(4'^fluorophenyl)«2'>(l"-methylethyiHulnolln«3'-ylethyny>l-4-hydroxy-3,4,S,6«tefr^ 
one (compound l»41) 

40 

20 mg of a mixture of diastereomers of compound 1^1 was dissolved In 5 ml of ethanol, and 10 mg of 
5% palladiumH:arbon was added tiiereto. The mixture was stirred under a hydrogen atmosphere. After 
confirming the disappearance of the starting substance and the appearance of a new spot by thin layer 
chromatography, the palladium-carbon was filtered off, and ethanol was distilled off to obtain colorless oil. 
45 This oil was purified by preparative thin layer chromatography to obtain 18 mg of tiie desired product 
as pure coloriess oil. 

MS(m/e): 408(M%H). 407(M''), 388. 292. 278 

In the same manner as In Example 1-a, compounds VII-2 to VII-27 were prepared. The physical 
properties of these compounds are shown in Table 4. (In the Table. R\ R*. R^. R*. R^ and R^^ correspond 
so to tiie substitients of compound VII.) 
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Table 4 (Conqpounda in this Table are compounds of the 
formula VII wherein is hydrogen.) 

5 . 



Cotapoundg « 


R 






R» 


B«' 


m. p. 

CC ) 


VI 


n 

a 


R 


4-P 


n 


CHs 


CxHs 


121- 
















122 


VE -o 


It 


H 


B 


H 


cn. 


C<Hs 


102- 
















102.5 




n 

a 


H 


H 


H 


i-Pr 


CsHa 


85- 














85.5 


VI-5 




H 


H 


H 


CHa 


CtBs 


100.5- 
















101.5 






D 

n 


n 


n 
a 


1 -rr 




iOO. 5- 
















106.5 


VI-7 


H 


H 


2-F 


H 


i-Pr 


CBs 


101.0- 
















102.0 


VI-8 


7-Me 


n 

n 


If 
It 


ff 

H 


I - r r 




oil 


VJl -3 


n 
n 


n 
fi 


4-*G £ 


n 

n 


i-Pr 


tf* II 


lo4. 0- 
















136.5 




n 


H 


4-OHe 


H 


i-Pr 


CiBs 


88.0- 
















89.0 


VI-ll 


H 


H 


4-Me 


H 


i-Pr 


CtRs 


108.5- 
















109.5 


VJL - l4t 




n 

n 


o r <f 
^-u £ 


a 
H 


I -rr 


CsHs 


1 A 1 A 
















-103.0 


VI-13 


H 


H 


4-CP3 


B 


l-Pr 


CtHs 


• 

U7.5- 
















119.0 


Vll -14 


H 


H 


3-»e 


4-P 


i-Pr 


C*Hs 


oil 


Vll -10 


If 
H 


H 


3-He 


S-He 


i-Pr 


CiBs 


oil 


VI-16 


6-OHe 


7- 


-OMe 4-F 


B 


i-Pr 


CHs 


96.0- 
















98.0 


W-17 


H 


H 


4-F 


B 


CBs 


CB, 


139.0 
















139.5 


VI-I8 


H 


H 


4-F 


B 


n-Pr 


CHs 


all 


VE-19 


6-C2 


H 


4-F 


B 


i-Pr 


CtHs 


94.5- 
















95.5 


VI-20 


H 


H 


4-F 


a 


c-Pr 


CHa 


113.5- 
















116.5 


VI-21 


H 


H 


4-OPh 


B 


i-Pr 


CsHs 


oU 


VI-22 


8-C£ 


8 


-C£ 4-F 


B 


i-Pr 


CsHs 


98.0- 
















98.0 


VI-23 


6-C Z 


H 


H 


H 


Ph 


CsHs 


118.8 
















-119.5 
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IS 



VI-24 


6-C £ 


H 


B 


H 


c-Pr 


CHa 


9T.0- 


YII-25 














98.5 


H 


H 


4-P 


H 


sec-Bu 


CH3 


aU 


W-26 


6-»e 


H 


4-P 


H 


i-Pr 


CtH, 


109.0 


W-27 














-111.0 


6-OMe 


7-0M8 


4-F 


H 


c-Pr 


Cila 


153. 0 



-153.5 



Vlt-8 

H-NMR{in CDCla) 5 ppm : 

0.92 {t.3H. J a 7Hz), 1 .41 (d.BH. J « 6Hz) 2.47 (s. 3H). 3.27(Heptaplot.1 H.J = 6H2) 3.98 (q^H,J = 7Hz). 7.0 -7.8- 
(m. 8H) 



2S 

H-NMH(in CDC Is) 5 ppm : 

1.01 (t.3H,J=7H2). 1.42 (d.6H.J=6H2) 2.38 (s. 3H,J=a3H2), 3.25(Heptaplet.1H.J=6Hz) 4.04 (q^H.J = 7Hz). 
6.9-8.1 (m, 7Hz) 

VII -15 

. H-NMR(in CDC la) 5 ppm : 

0.97 (t,3H,J»7H2), 1.43 (d.6H,Ja6H2) 2.29 (s, 3H), 3.25(Heptapl8t.1 H.J = 8Hz) 4,00 (q^H,J=7H2). 6.8-8.0- 



(m, 7H) 



40 

VIM 8 



H-NMR(ln CDCta) a ppm : 

0.98 (t3H,J«7Hz), 1.02 (t3H,Ja7Hz) 1.8-2.3(m, 2H), 2.8-3.1 (m^) 4.03 (q,2H.J»7Hz). 8.9-ai(m, 8H) 



Vll-21 

„ H-NMR(ln CDCta) S ppm : 

1 .03 (t.3H J a 7Hz>, 1 .41 (d,6H.J « 6Hz) 3.25(Heptaplet1 H.J « 6H2) , 4.05{q^H,J » 7Hz), 6.8-8.1 (m, 1 3H) 



5tf 
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VII-25 

H-NMR(in CDCI3) S ppm : 

0.97 (d.6H.Ja6H2). 2.0-2.6(m,1H) 2,85 {d,2H. J = 7Hz). 3.51 (S.3H). 6.8-8.1 (m. 8H) 

In the same manner as in Example 1-b. compounds VI-2 to IV-27 were prepared. (In TaWe 5, R\ R*. 
and R^ conrespond to the substituents of compound VI.) 

Tale 5 (Compounds in this Table are compounds of the 
formula VI wherein is hydrogen.) 



m, p. 



Compound R ^ 




R» 




8» 


c r ) 


VI 


u 
It 


R 


P-P 


n 


CRa 


— 




rt 

d 


R 


H 


H 


CHs 


149- 151 


VT A 
VI - 4 


n 
H 


R 


R 


R 


i-Pr 


130- 


VI-5 


6-Ci 










130.5 


H 


R 


R 


CR« 


139-141 


vr-6 


^ #9 it 


R 


R 


H 


l-Pr 


168-169 


VI-7 


H 


B 


2-P 


H 


i-Pr 


140.5- 














142.0 


VI - 0 


7 Ma 

1 - rie 


R 


H 


H 


l-Pr 


155. 0- 


VI.9 


H 










157.0 


R 


4-C£ 


R 


i-Pr 


192.0- 


VI-10 










i--Pr 


195.0 


H 


H 


4-OHe 


H 


186.0- 


VI-11 












188.5 


R 


H 


4-Me 


R 


i-Pr 


161.0- 


vr-12 












164.0 


S-Ci 


H 


2-C£ 


R 


i-Pr 


122.0 


VI-13 












124.0 


H 


H 


4-CP3 


H 


i-Pr 


183.0- 


VI-14 












186.0 


H 


H 


3-He 


4-P 


i-Pr 


161.0- 


vr-15 












162.5 


H 


R 


3-Me 


5-Me 


i-Pr 


137.0- 


VI-16 


6-He 7 










138.0 


-OHe 


4-F 


R 


i-Pr 


164.0- 














163.0 


vr-17 


n 


H 


4-F 


H 


CtRs 


141. S- 


vr-18 












143.5 


H 


H 


4-P 


R 


n-Pr 


146.5- 


VI-19 












148.5 




H 


4-F 


H 


i-Pr 


171.0- 














172.0 
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VI-20 


H 




H 


4-F 


B 


c-Pr 


120-126 


VI-21 


H 




H 


4-OPh 


B 


i-Pr 


153.0- 


VI-22 














154.0 


6'CZ 


8 


■Ci 


4-P 


B 


i-Pr 


98.5-103 


VI -23 


6-C£ 




H 


B 


B 


Ph 


171.5- 


VI-24 














172. 5 


6-C Z 




H 


B 


B 


c-Pr 


84.0- 


VI-25 














86.0 


B 




H 


4-P 


B 


sac-Bu 


119.0- 


VI-26 














121.0 


6-Ne 




B 


4-P 


H 


i-Pr 


160.0- 


VI-27 














161.5 


6-OHe 


7- 


-OMe 


4-P 


.B 


c-Pr 


162. fl- 














ies. 0 



In the same manner as In Example 1-c. compounds V-2 to V-27 were prepared. (In Table 6, R\ F^, R^, 
and R^ correspond to the substituents of compound of V.) 

Table 6 (Compounds in this Table are compounds of the 
formula V wherein is hydrogen.) 



m* p • 



Compound 


8" 


R« 


B» 


8- 


B* 


CC ) 


V-2 


B 


B 


P-P 


B 


CBs 


125-128 


V-3 


B 


B 


B 


R 


CHs 


143-146 


V-4 


R 


H 


R 


H 


l-Pr 


92-93 


V-5 6- 


C£ 


B 


B 


B 


CBs 


220-222 
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V-8 


0-*C£ 


H 


H 


H 


l-Pr 


140-140.5 


V-7 


n 


a 
n 


Z-p 


H 


i -Pr 


121.5- 


V-8 












124. 0 


7 Ma 

1 - (IB 


tt 


n 
H 


ft 

B 


I -Pr 


105. 1- 




D 

n 










109. 2 


V * a 


tr 

n 


4-C Jfc 


tt 


1 -Pr 


147. 0- 


V-10 












147. 8 


n 
n 


IT 

n 


il A Ma 

4- one 


tt 


I -Pr 


13o. 6- 


v-u 












136. 8 


tr 

It 


If 
11 




n 
H 


1 -Pr 


1 1 A J 

119.4- 


v.12 












120. 4 




11 


2*C £ 


If 
tt 


I -Pr 


105. 8- 


V 1 Q 

V - io 












1 A ^ A 

lOo. 9 


it 


IT 


4-Cp a 


If 


i -Pr 


163.7- 














164. 2 


V* 1 A 
V - 14 


II 

n 


If 
a 


3-ne 


4- 


P I -Pr 


161. 1- 


V •10 












4 A A « 

108. 1 


ft 
tt 


If 


3-ne 


5- 


ne x-Pr 


« A A A 

120.8- 


V - 10 












122.3 




Y-One 


4-P 


H 


• ffi 
I -Pr 


164.4- 


V - 17 












16o. 2 


ft 

H 


It 
H 


4-P 


ft 
R 


CsHs 


143. 1- 














144.2 


V • 18 


H 


Iff 

n 


4-P 


II 


n-Pr 


150.2- 














155.3 


V - 19 


O-C jB 


H 


4-P 


H 


i-Pr 


164.5- 














165.3 


V -20 


If 

n 


IT 

H 


4-P 


Iff 
H 


c-Pr 


150. 1- 














151.6 


V 91 

V -^1 


n 
It 


It A 


•OPb 


If 
a 


2 B _ 

i-Pr 


t A A A 

106. 9- 














lU 1 . 1 


v-22 




O-li * 


4- r 


If 
n 


1 - rr 


t OCT A 

loD • U- 














1 7<? 7 
1 uO • 1 


V.23 


6-C £ 


R 


H 


H 


Ph 


174.8- 














175.3 


V-24 


6-C £ 


H 


S 


H 


c-Pr 


157.5- 














158.0 


V-25 


H 


H 


4-P 


H 


sec -Bu 


125.0- 














126.5 


V.26 


6-»e 


H 


4-P 


R 


i-Pr 


155.0- 


V-2T 












157.0 


6-OMe 7 


-OHe 


A'? 


H 


c-Pr 


200.0- 














200.5 



In the same manner as in Example 1-d. compounds iV-2 to IV*6 were prepared. (In Table 7, R\ R^, R^, 
R^ and correspond to the subst!tuents of compound of IV.) 
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Table 7 

(Compounds In this Table are compounds of the formula IV 
wherein is hydrogen.) 



Compound 




R2 


R3 


R* 


R5 


m. p. (*C) 


IV-2 


H 


H 


4-F 


H 


CHa 


177-179 


IV-3 


H 


H 


H 


H 


CH3 




IV -4 


H 


H 


H 


H 


l-Pr 




IV-5 


e-ci 


H 


H 


H 


CHa 




iV-e 


e-ct 


H 


H 


H 


l-Pr 





In the same manner as In Example 1-e. compounds III-2 to 111-27 were prepared. (In Table 8, R\ R^. R^, 
75 R^ and R^ correspond to the substituents of compound lit.) 

Table 8 (Compounds in this Table are compounds of the 
formula III wherein is hydrogen.) 

20 



in* p« 



25 



30 



SO 



Compound 


R' 


8* 


B* 


BV 


8« 


(•c) 


1-2 


H 


H 


4-F • 


B 


• CBa 


194-196 


1-3 


B 


H 


B 


B 


CBs 


170- 










171.5 


E-4 


H 


H 


B 


B , 


i-Pr 


107- 








108.5 


1-5 6 




H 


B 


B 


CBa 


192-194 


1-6 6 


-C £ 


H 


B 


B 


i-Pr 


125.5 












-127 


1-7 


H 


H 


2-P 


B 


i-Pr 


80.1 










-80.2 


1-8 


7-»e 


B 


B 


B 


i-Pr 


121.1- 










122.3 


1-9 


R 


B 


4-C 2, 


B 


l-Pr 


148.0- 








149.1 


1-10 


H 


B 


4-OHe 


B 


i-Pr 


137.4- 












140.1 


I-U 


H 


H 


4-»e 


R 


i-Pr 


111.6- 










113.1 


1-12 




B 


2-C 2 


B 


i-Pr 


83.8 










-84.5 


1-13 


H 


H 


4-CPa 


B 


i-Pr 


126.2- 
128.8 



55 
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nr 


-III 


H 


11 


3 -Ha 
w — no 


t - 


r i - r * 


















1 A O • 4 




- IS 


H 


R 

11 




5- 


Ma i-Pr 


117 6- 
















120 3 


1 


-16 


6-0M6 


7-OHe 


4-F 


H 


i-Pr 


147.8- 
















150.9 


1 


-17 


H 


It 




R 

11 


wins 




















114 


-18 


u 


u 

u 


i-P 


If 
U 




117 R- 

X X 1 * o 
















X 6 X • 


nr 






11 


i-P 


v 

u 


1 -Pr 


XuU • 6 * 
















1 Q 


w 


— 6 u 


a 


D 

n 


* - p 


n 
n 


C "■ r r 


1/11 ^- 
X4X • 0- 
















\±A 1 

144 • X 


w 

JUL 




V 

n 




■ V r n 


It 
n 


I - r r 




nr 

lU 






Q ~ w JK 


4- p 


ft 
n 


1 • rr 


117- 
XI 1 - 
















122 


M 


-23 


6-C£ 


H 


H 


H 


Ph 


142.8- 
















144.3 


1 


-24 


6-C £ 


H 


H 


H 


c-Pr 


161.0- 
















161.5 


1 


-25 


R 


H 


4-F 


H 


3ec*Bu 


78.0- 
















81.0 


1 


-26 


6-He 


H 


4-F 


H 


l-Pr 


137.0- 
















137.5 


1 


-27 


6<0He 7 


-0}ie 


4-F 


H 


c-Pr 


189.5- 
















191.0 



38 

111-22 

H-NMR(in COCla) B ppm : 

1 .40(d.6H. J a 7Hz). 3.44(Heptaplet.1 H J - THz) 5.93(dd,1 H. J » 8Hz.J » 1 6Hz). 6.8-8.1 (m.1 4H) 9.34- 
40 (d;1HJ»8Hz) 

In the same manner as in Example 1-f, compounds 11-2 to 11-27 were prepared. (In Table 9. R\ P?, R\ 
and correspond to the substituents of compound II.) 
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Table 9 (Compounds in this Table are compounds of the 
formula of II wherein is hydrogen.) 



m. p. 



Compound B ' 


n 9 

R' 






ff% 4 




( t ) 


1-2 R 


H 


P-F 


B 


CHa 


Cslls 


Oil 


11-3 H 


H 


H 


H 




CsHs 


lOS 






• 








•106 


1-4 n 


H 


H 


R 


l-Pr 


CaHs 


88.5 














-90-5 


n -5 8-C i 


H 


H 


H 


CH3 


Cs&s 


77-82 


1-6 6-C£ 


H 


R 


R 


i-Pr 


Csfls 


96-98 


n -7 H 


R 


2-P 


H 


i-Pr 




• 

oU 


u -8 T-fie 


IT 

a 


n 

n 


H 


1 -rr 


C* If 
















74.0 


1-9 S 


B 


4-C£ 


B 


i-Pr 


C«Hs 


91.0 














-94.0 


H-10 H 


R 


4-0»e 


B 


i-Pr 


C1R9 


78.0 












-78.5 


11 -11 H 


H 


4-OHe 


B 


i-Pr 


CsRa 


75.0 












-7.8,0 


n -12 6-C£ 


B 


2-C2 


B 


i-Pr 


CsRs 


oil 


E-13 H 


H 


4-CF3 


B 


i-Pr 


CzBs 


78.0 












-83.0 


I -14 H 


R 


3-»e 


4-F 


i-Pr 


CiRs 


68.0 












-71.0 


a -IS H 


H 


3-»e 


5-Me 


i-Pr 


CsHs 
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II 


-16 


u wn CI 


1 -uiie 


4- r 


If 

n 




I • rr 


P If 


83. 0 






-17 


H 


a 












-30. 0 




n 


A 17 
4- r 


11 

a 






p tf 


94. 0 






-18 


H 














-97.0 


O 




fl 


4-P 


R 




a-Pr 




ail 




n 


-19 


6-C£ 


R 


4-F 


R 




i-Pr 


C cRs 


III.O- 






-20 
















t t 9 CT 
1 iO* 3 


TO 




n 


If 




If 

n 




c-Pr 


t* IT 

CcBs 


A 1 A 

91 . 0 




JL 


-21 
















-93.0 




H 


H 4 


;-0Pii 


R 




i-Pr 


C«Rs 


121.0- 




I 


-22 


6-Ci 














125.0 




8-0 £ 


4-P 




R 


i-Pr 


C«Rs 


oil 


19 


I 


•23 


6-C 2 


R 


H 




R 


Ph 


C,R, 


oil 




n 


-24 


6-C£ 


H 


R 




R 


c-Pr 


C.R, 


69.0 






-25 


















20 


E 


If 


R 


4-F 




R 


aac-Bu 


C«Rs 






II 


-26 


6-He 


H 


4-P 




R 


i-Pr 


C«Rs 


aU 


28 


H 


-27 


6-OMe 


7-OHe 


4-P 




R 


c-Pr 


CtRa 


oil 



30 11-7 

H-NMR(in CDC I a) S ppm : 

1.21{t3H.j37H2), 1.32(d.6H.J = 6Hz) 2.2-2.4{m,2H). 2.5-2.7(m,1H) 3.28 (S. 1H). 3.34(Heptaplet.1H.J »8H2) 
4,08(q.2H.J=7H2), 4.3-4.6(m, 1H) 5^8(clcl.1H,J = 1.5HzJ» ISHz), 8.53(dd, 1H.J» 1.5H2.J-15H2), 6.9-6.0- 
OS (m.8H) 



IM2 

40 

H-NMR0n COCI3) a ppm : 

1.25(t3H.Ja7H2), 1.33(d,6H.Ja6H2) 2.2-2.4(m^H). 2.5-2.8(m.1 H) 3.32(8, 2H). 3.36(Heptaplet1HJ»6Hz) 
4.l3(q,2H.J»7Hz). 4.a^.6(m. 1H) 5.34<dd.1HJ«eH2. J-ISHz). 6.53(dd.1H.J»1,5H2.J»15H2). 7.0-6.0- 
(m.7H) 



H-15 

50 H-NMR(ln COCla) 5 ppm : 

1.23(t3H.Ja7H2). 1.35(d.6H»J=»6Hz) 2.2-2.4<m.2H). 2.31 {S.6H) 2.6-2.8(m,1H), 3.32(s. 2H) 3.35- 
(Heptaplet,1 H.J =6Hz),4,12(q,2H.J «7Hz) 4.3-4.7(m,1H), 5.30(dd.1 H,J "OHzJ « 16Hz) 6.51- 
(dd.l H.J = 1 H2,J =» ieH2>. 6.7-8.0(m.7H) 
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11-18 

H-NMR(ln CDCla) 5 ppm : 

1.00(t,3H.J=»7H2). 1.2e(t.3H,J=:7H2) 1 .6-2.3{m,2H), 2.42(d.2H.J = 6Hz) 2.6-3.2(m.3H). 3.35(S.2H) 4.11- 
6 {q.2H.J = 7H2), 4.3-4.7(m, 1H) 5^7(dd,1H,JaeH2,J = 18Hz) 8.4e(dd,1H,J = 1.5H2.J = 16Hz), 8.9-8.0(m,8H) 



11-22 

H-NMR(ln CDCla) 5 ppm : 

1^(t,3H,J«7Hz). 1.33(d,eH.J = 8H2) 2.43(d^H.J=6H2). 2.8-2.9(m.1 H) 3.38(s, 2H). 3.44- 
(Heptapl8t1 H. J » 8Hz) 4.1 3(q^H, J » 7Hz), 4.3-4.7(m. 1 H) 5.30(dd.1 H. J - 6H2. J » 1 6H2). 8.53- 
(dd.l = 1 .5Hz,J =• 18Hz). 7.0-7.6(m.8H) 



11-23 

20 H-NMROn CDCta) S ppm : 

1.23(t.3H.J=»7H2). 2.21(d,2H.J = eH2) 2.4-2.6(m.1H). 3.2S^5.2H) 4.09(q.2H. J = 7Hz), 4.1-4.4(m. 1H) 5,08- 
(dd.1HJaeH2.J»16H2). e-26(dd,1H,J = 1.5H2,Ja18H2), 7.0-8.0 (m.13H) 



25 

11-25 

H-NMR(in CDCla) 5 ppm : 

0.96(d.6H.J=6H2>, 1 .26(t3H, J « 7H2). 1.8-2.4(m.1H). 2.43(d.2H.J=6H2), 2.e-2.9(m,1 H). 2.88(d,2H,J =» 7H2). 
30 3.38(s,2H), 4.14(q^H.Ja7Hz), 4,3-4.7(m, 1H). 5.0-5.S(m,1H). 8.3-8.7(m.1H). 8.9-8.1 (m,8H) 



n-26 

38 

H-NMR(in COCX3) a ppm : 

1.25(t.3H.J = 7H2), 1.32(d.eH,J«8Hz), 2.32(s.3H), 2.39(d.2H,J '3 7H2), 2.6-3.1 (m,1H), 3.36(3. 2H). 3.41- 
(H9ptapIet,lH.J=8H2), 4.11(q;2H.J=7Hz), 4.3-4.7(m, IH). 5.0-5.5(m,1H), 8.3-8.7(m.1 H), 8.8-7.9(m.7H) 

40 

11-27 

H-NMR(ln CDCla) S ppm : 

45 0.8-1 .5(m,4H), 1.2e(t3H^=7H2). 2.0-2.9(m.4H), 3.42(8^). 3.71(8.3H). 4.00(S.3H), 4.20(q^.J='7Hz). 4.4- 
4.8(m.1H), 5.3-53(m.1H), 8.4-6.9(m.1H). 8.58(8.1H). 7.0-7.5(m.5H) 

In the same manner as fn Example 1-g. compounds 1-12 to 1-127 were prepared. 



50 



55 
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Table 10 




264.' 249 



H CHs C<IIs 92-105 
H i-Pr Ctifs 97-100 
H CHs CzH, oil 



I -13 H H H 
1-14 R H H 
I -IS 6-C i H H 
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-16 


6-Cje 


8 


B 


B 


i-Pr 


CsBs 


oil 


-17 


S 


B 


2-F 


B 


i-Pr 


CsH, 


oU 


-18 


7-Md 


B 


B 


B 


i-Pr 


C<H, 


oil 


-19 


a 


H 


4-C Z 


B 


i-Pr 


CsBs 


98-104 


-110 


H 


B 


4-OMe 


B 


i-Pr 


CsHs 


94-98 


-111 


B 


fl 


4-ne 


B 


l-Pr 


CsH s 


79-85 


-112 


6-C£ 


B 


2-Cje 


B 


i-Pr 


CtSs 


ail 


-113>H 


fl 


4-CP3 


B 


l-Pr 


C xB-a 


117-128 


-114 


H 


B 


3-He 


4-F 


i-Pr 


Czfls 


85-92 


-115 


H 


fl 




5-He 


i-Pr 


Cfls 


oU 


-116 


6-OMq 


7- 


OHe 4-P 


fl 


i-Pr 


C.fla 




-117 


H 


fl 


4-P 


B 


Ctfl, 


CsB, 


oU 


-118 


B 


H 


4-P 


B 


n-Pr 




all 


-119 


6-C £ 


B 


4-P 


B 


i-Pr 


CzBs 


79-82 


-120 


B 


fl 


4-F 


B 


c-Pr 


CaHa 


100-104 


-121 


B 


fl 


4-OPb 


B 


i-Pr 


Csfl, 


oU 


-122 


6-C £ 


8- 


C £ 4-P 


B 


i-Pr 




133-143 


-123 


6-C £ 


B 


B 


H 


Ph 


CsBs 


gum 


-124 


6-C£ 


H 


B 


B 


c-Pr 


CtB, 


ail 


-125 


B 


B 


4-P 


B sac-Bu 


Csfls 





I -126 6-Me R 4-P B i-Pr C,Bs cSl 
I -127 6-OMe 7-OMe 4-P B c-Pr CsBs 5«ni 
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TO 



rs 



45 



50 



1-17 

H-NMR(]n C0Ct3)5ppm : 

1.29(t,3H.J=7H2), 1.40(d,eH.J = 8H2) 1 .4-1 .7(m.2H). 2.3-2.5(m.2H) 2.9-3.2(m,lH). 3.49(Heptaplet1H,J«6Hz) 
3.5-3.8(m.1H), 3.9-4.5(m.2H) 4^0(q.2H.J»7Hz), 5.2-5.7(m, 1H) 6.5-6.9(m.1H). 7.0-8.2(m.8H) 



M8 

H-NMR(in CDCI3) 5 ppm : 

1.0-1.4(m.2H). 1.31(t.3H.J=«7Hz) 1.39(d.eH.J = 8Hz). 2.3-2.5(m.2H) 2.52(s.3H). 3.1-3.4{m.1H) 3.48- 
(HeptapIet.1H.J=6Hz).3.5-3.8(m.1H) 3.S-4.1(m. 1H), 4^0<q.2H, J » 7Hz) 4.2-4.5(m.1 H), S.2-5.8(m,1H) 6.4-8^ 
(m,1H). 7.0-8.0(m,8H) 



1-19 

20 H-NMR(in COCta) S ppm : 

1.29(t.3H.Ja7Hz). 1.38(d,8HJ»6Hz) 1.4-1.8(m.2H). 2.3*2.5(m.2H) 3.2-3.4(m.1H). 3.49(Heptaplet,1H,Jo6Hz) 
3-8^.8(m.1H), 3.9-4,2{m,lH) 4^(q.2H,J=7Hz), 4.3-4.5(m,1H) S.2-S.5(m,1H), 8.5-6.8(m,1 H) 7.0-8^(m.8H) 



1-110 

H-NMR(in COCla) S ppm : 

1.29(t3H.J=»7H2). 1.40 (d.8H.J=»6H2) 1.5-1.8(m.2H). 2.3-2.5(m.2H) 2.8-3.0(m,1 H), 3.4-3.8(m,1 H) 3.52- 
30 (Heptaplet1H.J = 6Hz).3.aa(s.3H) 3.9-4,1 (m.lH). 4.20(q.2H. J » 7Hz) 4,3-4.5(m,1H), 5.3-5.5(m.1H) 8.5-8.7- 
(m.1H),6.9-ai(m.8H) 



35 1-111 

H-NMR(}n CDCta) 5 ppm : 

1.30(t.3H.j3 7Hz), 1.3-1 .5(m.2H) 1 .39(d,8H,J = 8H2), 2.3.2.5(m.2H) 2.43{s.3H). 2.8-3.0{m,1H) 3.50- 
(H6ptaplet.1H.J»8Hz).3.5-3.7(m.1H) 3.9-4.2(m.1 H), 4.19(q.2H.Ja7Hz) 4^-4.5(m.1H). 5.2-5.8(m.1 H) 8.4-8.8- 
40 (m,lH). 8.9-a2(m.8H) 



M12 

H-NMR([n COCta) 5 ppm : 

1.30(t.3H.Ja7Hz). 1.3-1 .8(m^H) 1.37(d.8H.J»8Hz). 2.3-2.5(m.2H) ^9-3.2(m.1 H). 3.47(Heptaplet1H.J>8Hz) 
3.5-3.8(m,1H). 3.9-4.1(m.1H) 4.19(q.2H.J»7Hz), 4.2-4.5(m. 1H) 5.3-5.7(m.1H), 8.5-8.8(m.1H) 7.1-8.1(m,7H) 



1-113 



H-NMR(fn CDCla) 5 ppm : 

55 1 .0-1 .3(m,2H). 1 .30(l.3H J » 7Hz) 1 .40(d.6H.J » 6Hz). 2.3-2.4(m.2H) 3.3-3.5{m. 1 H), 3,49(Heptapiat. 1 H, J = 6Hz) 
3.e-3.7(m.1H). 3.9-4.1<m,1H) 4.18(q,2H,J«7Hz). 4.2-4.5(m,1 H) 5.1-5.5(m, 1H), 6.5-8.8(m.1H) 7.2-8.2(m.8H) 
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M14 

H-NMR(In CDCla) 8 ppm : 

1 .2-1 .4(m.2H), 1 .30(t.3H. J = 7Hz) 1 .39(d.6H.J = 6H2), 2.32{bs,3H) 2.3-2.5(m.2H). 3.0-3.3{m.1 H) 3.50- 
(Heptaplet,1H,J=6H2),3,8-3.8(m.1H) 3.8-4.1 (m.lH), 4.20(q.2H.J«7H2) 4.3-4.6(m,1 H), 5.2-5,e(m,lH) 8.5-6.8- 
(m.1H).7.0-a.2(m,7H) 



10 MIS 

H-NMRfln COCI3) a ppm : 

1.1-1.4(m.2H). 1.30(t.3H,J = 7H2) .1.40(d,6H.J«6H2), 2.2-2.5(m^H) 2.35(S,6H). 2.7-3.1{m,1H) 3.51- 
(Heptapl6t1H,J=i6H2),3.e.3,7(m,1H) 3.8-4.1 (m,1 H), 4.20{q.2H.J=7H2) 4.2-4.8(m,1H), 5.2-S.8(m,1H) 6.4-6.8- 
1B (m.1H).8.a-8,2(m.7H) 



20 



25 



1-116 

H-NMR(in COCta) S ppm : 

1.30(t.3H.J = 7H2). 1.37(d.8H.Ja6H2) 1 .5-1 .8(m,2H), 2.3-2.5(m,2H) 2.9-3.2(m.1 H), 3.48(Heptaplet,1H.J=«8H2) 
3.e-3.8(m.lH), 3.75(s.3H) 3.9-4.1 (m.lH). 4.07(s.3H) 4.20(q,2H.J=7H2). 4,2-4.5(m. IH) 5.1-5.5(m,1H), 8.4-6.8- 
(m,2H) 7.1-7.5(m,5H) 



M17 

30 H-NMR(in CDCI3} S ppm : 

1.30a3H,J»7H2). 1.37(t3H.J = 7H2) 1 .4-1 .7(m.2H), 2.2-2.8(m.2H) 2.8-3.2(m.3H), 3.6-3.9(m.1 H) 3.9-4.7- 
(m.4H), 5.2-5.7{m,1H) 6.3-e.7(m,1 H), 7.0-8.2(m.8H) 

35 

1-118 

H-NMR0n CDCla) S ppm : 

1.01(t3H,J«7H2), 127(t,3H,J=7Hz) 1. 4-2.1 (m,4H). 2.3-2.6(m.2H) 2.8-3.3(m,3H), 3.6-3.8(m,1 H) 3.9-4.1- 
40 (m,1 H). 4.18{q^H.J = 7H2) 4.2-4.5(m.1 H), 5.2-5.6<m,1 H) 6.4^.7(m.1 H). 7.0-ai (m.8H) 



1-119 

46 

H-NMR((n CDCI3) a ppm : 

1.2-1 .5(m.2H), 1.31(t3H.J»7H2) 1.37 (d.eH. J = 6H2), 2.3-2.8(m,2H) 3.0-3.4(m,1 H), 3.49- 
(H8ptapleUH.J = 6H2) 3.6-3.8(m,1H). 3.8-4.2(m.1 H) 4.20(q.2H. J = 7H2). 4.3-4.S(m.1H) 5.2-5.8(m.1H). 6.4-6.8- 
(m.lH) 7.0^1 (m,7H) 

so 

1-120 

55 H-NMR(in COCI3) S ppm : 

0.8-1 .8(m.6H). 1 .30(t,3H. J 7H2) 2.1-2.6(m.3H). 2.9-3.3(m,1 H) 3.4-3.7(m,1 H), 3.8-4.6(m^H) 4.20- 
(q.2H.Js7H2). 5.4-5.8(m,1H) 6.4-6.8(m.1 H). 6.8-8.0(m,8H) 
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1-121 

H-NMR{in CDC la) 5 ppm : 

1.29(t.3H.J = 7H2). 1.39(d.6H.J = 6H2) 1 .4-1 .9(m.2H). 2.3-2.5{m,2H) 2.7-3.2(m,lH). 3.51{Heptaplet.lH.J»8Hz) 
3.0-3.8(m,lH). 3.9-4.2(m.1H) 4.19(q.2H,J»7Hz). 4.3-4.e(m.1H) 5.2-5.e(m,1H). 8.4-e.8(m.1H) 6.9-a2(m,t3H) 



h122 



10 



H-NMR(in COCia) 3 ppm : 

1.1-1.8(m.2H). l.31(t3H.J=:7Hz) 1 .41 (d.6H. J = 6H2). 2.3-2.5(m,2H) 2.9-3.4{m,lH), 3.S0(Heptapiet1H,j3 6H2) 
3.6-3,8(m,1H), 3,9-4.5(m,2H) 4.20(q^H,J«7Hz), 5.2-5.6{m,1 H) 6.4-e.8(m.1H), 7.1-7.3(fn,5H) 7,72- 
(d,1H.J»6Hz) 

t5 

{-123 

20 H-NMR(in COCta) B ppm : 

0.8-1 .5(m.2H), 1.29(t3H,J»7Hz) 2.2-2.4(m.2H). 2.6-2.9(m.l H) 3.2-3,8(m,1 H). 3.7-4.3(m.2H) 4.17- 
(q^H.J«7Hz),5,0-5.4{m,1H) e.1-e.5{m,lH). 7.0-a2(m.13H) 

25 

1-124 

H-NMR(in COCta) a ppm : 

0.8-1 ,8(m.8H). 1.29 (t3H.J = 7H2). 2.2-2,8(m.3H). 2.8-3.2(m.1H), 3.3-3.7(m.1H). 3.9^.5(m,2H), 4.19- 
30 (q,2H.J = 7Hz), 5.4-5.8(m,1 H) 8.5-6.8(m,1 H). 7.1-8.0(m.8H) 



r-125 

36 

H-NMR(ln COCta) a ppm : 

0.94(d.8H.J = 6Hz), 1.0-1 .7(m.3H). 1.27(t.3H.J=7Hz). 1 .9-2.S(m.3H). 2.90(d^H.J « 7Hz), 3.3-4.4{m.3H). 4.12- 
(q.2H.Js7Hz}, 5.0-5.5(m,1 H) 8.2-6.7(m.1H). 6.9-8.0(m,8H) 



1-126 

H-NMR(in COCla) 3 ppm : 

45 1.0-1.e(m.3H). 1.21(t3H.J»7H2). 1 .34(d.8H. J 8Hz). 2,34(8.3H>. 2.37(d.2H,J » 7Hz), 2.9-3.7<m,2H). 3.W.5- 
(m^H). 4.15(q,2H,J»7Hz) 5.0-5.5(m.1H), e.3-e.7(m.1H). e.9-8.0(m,7H) 



50 1-127 

H-NMR(In COCla) 5 ppm : 

0.8-1.9(m.aH),1.29(t.3H,J = 7Hz). 2.1.2,6(m.3H). 2.8-3.2(m.1H). 3.72(s,3H). 4,02(s.3H). 4.19(q.2H.J«7Hz). 
4.3-4.6(m,1H). 5.4^.8(m.1H). 6.4-e.8(m.1H). 8.56(8.1 H). 7.0-7.4(m.5H) 

55 

In the same manner as in Exmple 2, compounds t-52 to 1-527 were prepared. 
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Table 11 




ComDOund 


V 


B« 


H» 




B« 


R'« 


ID* p • 

CC ) 


I -52 


H 


B 


4-P 


e 


CRs 


Na 


138-142 
















(decomposed) 


I -53 


H 


H 


R 


H 


CHa 


Na 


130-132 
















(decomposed) 


I -54' 


H 


H 


B 


H 


l-Pr 


Na 


196-197 
















(decomposed) 


I -55 


6-C£ 


R 


R 


H 


CR3 


Na 


211-215 














(decomposed) 


I -56 


6-Cj2 


H 


R 


H 


i-Pr 


Na 


195-198 












(decomposed) 


I -57 


H 


B 


2-P 


H 


i-Pr 


Na 


193-201 








(decomposed) 


I -58 


7-ae 


H 


H 


H 


l-Pr 


Na 


170-175 






(decomposed) 


I -59 


H 


a 


4-C & 


H 


l-Pr 


Na 


193-202 










(decomposed) 


I -510 


H 


H 


4-OHe 


H 


i-Pr 


Na 


178-193 
















(decomposed) 


I -511 


H 


H 


4-l1e 


H 


i-Pr 


Na 


187-200 



(decomposed) 
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I 


-512 


6-C £ 


B 


2'C£ 


H 




I 


-513 


H 


H 


4-C?3 


R 


9 


I 


-514 


R 


R 


S-Me 


4 




I 


-SIS 


H 


R 


3-»e 


5 


TO 


I 


-516 


6-OHe 


7-OKe 


4-F 


R 




I 


-517 


H 


R 


4-P 


B 




I 


-518 


H 


R 


4-P 


R 


ts 
















I 


-519 


6-C £ 


R 


4-F 


R 




I 


-520 


H 


R 


4-P 


R 


20 


I 


-521 


R 


R 


4-OPh 


H 




I 


-522 


6-Cje 




4-P 


R 


as 


I 


-523 


6-C £ 


B 


H 


R 




I 


-524 


6-C i 


H 


R 


H 




I 


-525 


H 


R 


4-P . 


R 


30 
















I 


-526 


6-Me 


R 


4-P 


R 




I 


-527 


6-One 


7-0»e 


4-P 


R 



38 



40 



i-Pr Na 203-209 

(decomposed) 
i-Pr Ha 200-212 

(decomposed) 
i-Pr Ma 195-200 

(decomposed) 
i-Pr Ma 192-197 

(decomposed) 

i-Pr Na 239-245 

(decomposed) 

CsKs Na 230-237 

(decomposed) 
n-Pr Ma 193-200 

(decomposed) 
i-Pr Ma ' 193-198 

(decomposed) 
cPr Na 197-199 

(decomposed) 

l-Pr Na 180-189 

(decomposed) 

l-Pr Na 183-187 

(decomposed) 

Ph Na 190-196 

(decomposed) 
204-JlO 
(decomposed) 



c-Pr Na 
sec-Bu Na 



i-Pr Na 204-208 

(decomposed) 

c-Pr Na 234-238 

(decomposed) 



50 



5S 



1-57 

H-NMR On OMSO-d^) S ppm : 

0.9-1 ,2(m.2H). 1.37(d.6H,Ja7H2) 1.6-2.1 (m^H), 3.48(Heptaplet1H.J»6Hz) 3.7-4.3(m.4H), S.3-5.6(m,1H) 6.4- 
e.7(m.1H), 7.1-ai(m,8H) 



1-58 

H-NMR (In 0MSO-d«) 5 ppm : 

0.9-1 .2(m.2H), 1.31(d.6H.J»7Hz) 1.7-2^(m.2H), 2.50(s.3H) 3.3-4.5(m,5H), 5.2-5.6(m.1H) 6.3-6.6(m.1H). 7.1- 
7.9(m.8H) 
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I-S9 



H-NMR (in DMSO-dS) 5 ppm': 

0.9-1 .3(m.2H). 1 .33{d.6H.J = 7H2) 1.8-2.2(in5H), 3.48(Heptaplet.1H.J = 7H2) 3.5-4.6(m,4H). 5.2-5.6(m.2H) 6,3- 
6.6(m.1H). 7.1-8.1{m.8H) 



1-510 

to 

H-NMR (In OMSO-d«) 5 ppm : 

1.0-1 .3(m,2H). 1.32(d.8H.J=7H2) 1.8-2.2(m,2H). 3.0-3.8(m.4H) 3.88(s.3H). 4.0-4.3(m.1 H) 5.3-5.e(m.1 H), 6.3- 
6.6(m,1H) 6M.1(m,8H) 



fS 

1-511 

H-NMR (in DMSO-d^) 8 ppm : 
20 0.9-1 .3(m^ H). 1 .33{d,eH,J = 7H2) 1 .7-2.1 (m,2H). 2.41 (8.3H) 3.2-4.3(m.5H), 5.3-5.6(m,1 H) 6.3-6.6(m,1 H). 7.0- 
8.3(m.8H) 



28 1-512 

H-NMR (In OMSO-d^) S ppm : 

0.9-1 .3(m,2H). 1.33(d.6H.J = 7H2) 1 .6-Z2(m.2H), 3.1-3.d(m.3H) 3.48(Heptaplet.1HJ=7H2),3.9-4.2(m,1H) 5.3- 
5.7(m,1H), 6.3-6.7(m.1H) 7.0-8.1 (m,7H) 



1-513 

35 H-NMR On DMSO-d«) S ppm : 

0.8-1 .3(m.2H). 1,34(d.8H.J = 7H2> 1 .8-2.2(m,2H). 2.7-3.9(m.3H) 3.48(Heptaplet.1H.J»7H2).3.9-4.3(m,1H) 5.2- 
5.8(m,4H), 8.3-6.7(m.1H) 7.1-8.1(m,8H) 



40 

1-514 

H-NMR (In DMSO-d^) a ppm : 

0.9-1 .3(m.2H), 1 .36(d.6H J = 7H2) 1. 7-2.1 (m.2H), 2.30(d.3H.J = 2H2) 3.0-3.8(m.3H). 3.51(Heptaplet1H,Ja7H2) 
45 3.9-4.3(m.1 H). 5.3-5.e(m,1 H) 6.3-e.6(m,1 H), 6.9-8.1 (m,7H) 



11-515 

60 

H-NMR (in OMSO-d^) a ppm : 

1.0-1.2(mm 1.35(d.6H.Ja7H2) 1.e-2.2(m,2H). ^35(s.6H) 3.0-3.8(m,3H), 3.51 (Heptaplet.l H.J = 7H2) 4.0- 
4.3(m.1H), 5.3-5.6(m.1H) 6.3-6.6(m,1 H). 6.8-d.0(m,7H) 
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1-516 

H-NMR (in OMSO-d«) 5 ppm : 

0.9-1 .3(m.2H). 1.31{d,6H.J = 7H2) 1 .7-2.0(m,2H), 3.2-3.7(m,4H) 3.62(s.3H), 3.9-4.2(m.1H) 3.94(8,3H). 5.1-5.5- 
6 (m.1 H) 6.2-6.6(m.1 H), 7.0-7.5(m.6H) 



1-517 

to 

H-NMR (In OMSO-d^) 5 ppm : 

0.9-1. 5(m,2H). 1.34(t.3H.J«7H2) 1 .e-2.2(m.2H). 2.7-3.4(m,4H) 3.e-4.3(m,2H). 5.2-5.7(m,1H) e.1-6.8(m.1H). 
6.9-8.1 (m.8H) 

16 

1-518 

H-NMR (in DMSO-d^) S ppm : 
20 0.8-1 .3(m,2H). 1.01(t,3H.J=7H2) 1.6-2J(m,4H), 2-7-3.8(m,5H) 3.9-4.3(m,1 H), 5.2-5.7(m.1H) 8.3-6.6(m.1H), 
7.1-ai(m.8H) 



25 1-519 

H-NMR (in DMSO-d^) d ppm : 

0.9-1.3(m^H), 1.33(d.6H.Ja7Hz) 1 .6-2.2(m.2H). 2^3.9(m.3H) 3.48(Heptapfet.1H.J :i7Hz).4.0-4.3(m.1H) 5.3- 
5.6(m.1H}, 6^-6.6(m.1H) 7.2-8.1(m«7H) 

30 



1-520 

. 38 H-NMR (In OMSO-d^) 8 ppm : 

0.8-1 .5(m.eH). 1.7.2^(m.2H) 2.3-2.7(m.1H), 3.0-3.9(m.3H) 4.0-4.3(m,1H). 5.5-5.8(m.1H) e.4-6.7(m,1H), 7.2- 
8.0(m.8H) 



40 

i-521 

H-NMR (In DMSOd«) S ppm : 

0.9-1 .5(m.2H>. 1 .36(d.8H.J = 7Hz) 1.7-2.3(m.2H). 3.0-3.9(m,3H) 3.50(Heptapl8t.1H.Ja6Hz).4.0-4.3(m.1H) 5.2- 
45 5.6(m.1H). d.4-6.7(nn.1 H) 7.0-8.1 (m,13H) 



1-522 

50 

H-NMR (In DMSO<i«) S ppm : 

0.8-1 .3(m^H). 1.37(d.8H.J = 7Hz) 1 .6-2.2(m.2H). 3.1-3.9(m^H) 3.51 (Heptaplet.1 H.J a7Hz).4.0-4.3(m,1H) 5.3- 
5.7(m.1H), 8.3-6.7(m.1H) 7.1-8.0(m,6H) 

55 
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1*523 

H-NMR (in OMSO-d^) 5 ppm : 

0.a-1.4(m.2H), 1.6-2.1(m.2H) 2.9-3.7<m,3H). 3.7-4.1{m,1H) 5.1-5.4(m.1H), e.1-0.4(m,1H) 7.1-8.2(m,l3H) 



1-624 



10 H-NMR (in OMSO-d^) 5 ppm : 

0.8-1 .5(m^H). 1.6-2,2(m^H) 2.3-2.7(m,2H), 3.0-3.a(m,3H) 3.&^.3(m,1H), 5.4-6.8(m,lH) 6.3-e.e(m,1 H). 7.0- 
8.0(m.8H) 



16 

1-525 



H-NMR (in OMSOd^ ) a ppm : 

0.9-1. e(m.2H), O.96(d,0H,J=eHz) 1 .7-2.6(m.3H), 2.89(d5H,J«7H2) 3.0-3.8(nn,3H). 3.9-4.2(m,1 H) 5-2-5.6- 
20 (m,1H). 8.2-^.e(m.1H) 7.1-ai(m.aH) 



1-526 

26 

H-NI\/IR (In DMSO-dS) 5 ppm : 

1.30(d.eH.J = 7Hz).1.7-2.0(m^H), 2.34(8,3H), 2.4.2.e(m,1H), 3.0-3.3(m,2H), 3.3-3.8(m,3H) 3.9-4.2(m,1 H). 5.2- 
5.6(m.1 H) 6.3-8.6(m.1 H). 7.0-8.0(m.7H) 



1-527 

H-NMR (in DMSO-d«) 5 ppm : 
35 0.7-1 .5(m.5H). 1 .8-2.2(m.2H). 2.2-2.6(m.2H). 3.1-3.3(m^. 3.59(s,3H). 3.9-4^(m^H), 3.91(s.3H), 5.4-5.7- 
(m,1 H) 6.3-6.6(m.1 H). 6.52(s,1 H), 7.0-7.4(m,5H) 

In the same manner as in Example 3, compounds i-22 to t-26 can be prepared. 



45 
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Table 12 




Compoimd 


B' 


B« 


B» 


R* 




I -22 


H 


R 


4-P 


R 


CH, 


I -23 


H 


H 


R 


R 


CHs 


I -24 


H 


H 


H 


H 


i-Pr 


I -25 


6-cje 


R 


H 


R 


CHs 


I -?? 


6-Cl 


R 


H 


If 





COtR 



I -2 



In the same manner as in Example 4, compounds 1-32 to i-36 can be prepared. 
Table 13 




-32 
-33 
-34 



H 
R 
S 



H 
H 
H 



-35 6-C£ H 

-39 g-C£ H 



4-P H 
H H 
H H 
R H 

H H 



CRs 
CHs 
i-Pr 
CHs 

i-Pr 
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s Tablets 



Compound 1-51 


1.0g 


Lactose 


5.0 g 


Crystal cellulose powder 


8.0 g 


Com starch 


3.0 g 


Hydroxypropyl cellulose 


1.0 g 


CMC-Ca 


1.5 g 


Magnesium etearate 


0.5 g 


Total 


20.0 g 



The above components were mixed by a usual method and then tabletted to produce 100 tablets each 
20 containing 10 mg of the active Ingredient 

FORMULATION EXAMPLE 2 
Capsules 



30 


Compound l-5t 


1.0 g 




Lactose 


3.5 g 




Crystal cellulose powder 


10.0 g 




Magnesium stearate 


0.5 


35 


Total . 


15.0 g 



The above components were mixed by a usual method and then packed In No. 4 gelatin capsules to 
obtain 100 capsules each containing 10 mg of the active ingredient 

40 

FORMULATION EXAMPLE 3 



^ Soft capsules 



Compound 1-51 


1.00 g 


PEQ (polyethylene glycol) 400 


3.89 g 


Saturated fatty acid triglyceride 


15.00 g 


Peppermint oil 


0.01 g 


Polysortaate 80 


0.10 g 


Total 


20.00 g 



The above components were mixed and packed in No. 3 soft gelatin capsules by a usual method to 
obtain 100 soft capsules each containing 10 mg of the active ingredient 
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FORMULATION EXAMPLE 4 



s Ointment 



ta 



Compound 1-51 


1.0 g 


(10,0 g) 


Liquid paraffin 


10.0 g 


(10.0 g) 


Cdtanol 


20.0 g 


(20.0 g) 


White vaseline 


68.4 g 


(59.4 g) 


Ethylparaben 


0.1 g 


( 0.1 g) 


L-menthol 


0.5 g 


(0.5g) 


Total 


lOO.Og 





The above components were mixed by a usual method to obtain a 1% (10%) ointment 



20 



FORMULATION EXAMPLE 5 



^ Suppository 



30 



35 



Compound 1-51 
Witepsol HIS* 
Witepsol W35* 
Polysorbate 80 


1.0 g 
46.9 g 
52.0 g 

0.1 g 


Total 


100.0 g 



*: Trademark for triglyceride compound 



The above components were melt-mixed by a usual method and poured into suppository containers, 
followed by cooling for solidification to obtain 100 suppositories of 1 g each containing 10 mg of the active 
component 



FORMULATION EXAMPLE 6 



4S 

Injection formulation 

Compound 1-51 1 mg 

Distilled water fbr injection formulation 5 ml 

so 

The formulation is prepared by dissolving the compound in tiie distilled water whenever it is required. 



" - FORMULATION EXAMPLE 7 



Granules 
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Compound 1-51 


1.0 g 


Lactose 


6.0 g 


Crystal cellulose powder 


6.5 g 


Com starch 


5.0 g 


Hydroxypropyi cellulose 


1.0g 


Magnesium stearate 


0,5 g 


Total 


20.0 g 



The above components were granulated by a usual method and packaged to obtain 100 packages each 
containing 200 mg of the granules so that each package contains 10 mg of the active ingredient 



Claims 

1. A compound of the formula: 



20 



28 




( I ) 



wherein R\ R^ and R^ are independently hydrogen, Ci*« alkyl. Ct-e cycloaikyi. Ci-a aikoxy, n- 

butoxy, i-butoxy. sec-butoxy, R^R^N- (wherein R' and R^ are independently hydrogen or Ci*3 alkyl), 
trifluoromethyl, trifluoromethoxy, difluoromethoxy. fluoro, chloro, bromo, phenyl, phenoxy, benzyloxy. 
hydroxy, trlmethylsilyloxy, diphenyl-l-butylsllyloxy, hydroxymethyl or -0(CH2)iOR^^ (wherein Is hy- 
drogen or Ci -3 alkyl. and 1 is 1 . 2 or 3); or when located at the ortho position to each other, R^ and R^. or 
R3 and R* together form -CH=CH-CHaCH-: or when located at the ortho position to each other, R^ and R* 
together form -0C(R*3)(R^^)0- (wherein R^^ and B}^ are independently hydrogen or Ci-a alkyl); Y Is -CHa-, 
CH2CH2-. -CH=CH-, -CHa-CHaCH- or -CHsCH-CHas and 2 is -Q-CHaWCHa-COaR^^ 




(wherein Q Is -C(0)-. -C(OR«)a- or -CH(OH)-; W Is -C(0)-, -C(OR'3)2- or -C(R")(OH)-; R" Is hydrogen or 
Ci -3 alkyl; R'^ |g hydrogen or R'* (wherein R^* Is physiologically hydrolyzable alkyl or M (wherein M Is 
65 NHi. sodium, potassium, 1/2 calcium or a hydrate of lower alkylamine, di-lower aikylamine or tri-tower 
aikylamine)); two R'^ are Independently primary or secondary Ci-€ alkyi; or two R^^ together form -(CH2)2- 
or -(CH2)3-; R^^ and R^^ are independently hydrogen or C1--3 alkyl; and R^ is hydrogen, C1-6 alkyl, Ca-a 
alkenyl, Ca-s cycloaikyi. 
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(wherein is hydrogen, C1-4 alkyi, Ci-a alkoxy. fiuoro. chforo. bromo or trifluoromethyl). phenyl-(CH2)m- 
(whereln m Is 1, 2 or 3), -(CH2)„CH(CH3)-phenyl or phenyl-<CH2)nCH(CH3)* (wherein n is 0, 1 or 2). 

2. The compound according to Claim 1, wherein in the formula I, R\ and are independently 
hydrogen, fluoro, chloro. bromo. C1-3 alkyl. C1-3 alkoxy, Ca-^ cycloalkyi, dimethylamino. hydroxy, 
hydroxymethyl, hydroxyethyl, trifluoromethyl, trtfluoromethoxy. difluoromethoxy. phenoxy or benzyloxy; or 
when R^^ is hydrogen, R^ and R^ together form methylenedloxy; when R* is hydrogen. R^ is hydrogen, a'* 
fluoro. a'-chtoro, 3 -mettiyj. 4'-methyl. 4'-chloro or 4'-ffIuoro; or R^ and R* together represent 3'-methyl-4'- 
chloro. 3',5'-dichloro, 3',5'-dtfluoro, a'.5'-dimethyl or 3'-methyl-4'-fIuoro; R^ Is primary or secondary Ci -s 
alkyl or Ca^e cyclbalkyi; and Y Is -CH2-CH2 or •CH a CH-; and Z is 




-CH(0H)CHaCH(0H)CH2C02R^2 -CH{0H)CH2C(0)CH2C02R^2 or -CH(OH)CH2C(OR'3)2CH2C02R'2. 

3. Compound according to Claim 2, wherein when R^ and R^ are both hydrogen, R^ is hydrogen. 5- 
fiuoro. 6-fluoro, 7-fluoro, 8-fluoro, 5-chloro. 8-chloro, 7-chloro, 8-chloro. 5-bromo, d-bromo. 7-bromo. &• 
bromo, 5-methyl, 6-methyl. 7-methyl, 8-methyl. 5-methoxy, 6-methoxy. 7*methoxy. a-methoxy. 5- 
trifluoromethyl. d-trifluoromethyl. 7-trifluoromethyl. 8*trtfluoromethyl, 6-trifluoromethoxy, Miftuoromethoxy, 
8-hydroxyethyl, 5-hydroxy. 6*hydroxy. 7-hydroxy, 8-hydroxy. 6-ethyi, 6-n-butyi or 7«dimethylamlno; when 

is hydrogen, and together represent 8-chloro-8-methyt, 6-bromo-7-methoxy, 8-m«thyi-7-chloro. 6* 
chloro-8-hydroxy, 5-methyl-2-hydroxy, e-methoxy-7-chloro, G-chlora-7-methoxy. 6-hydroxy-7-chk)ro. 6- 
chloro-7-hydroxy, 6-chloro-8-bromo, 5-chloro-0-hydroxy, 6-bromo-8-chtoro, 6*bromo-8-hydroxy, S-methyl-d* 
chloro, 7-hydroxy-aK:h!oro, 6*bromo-8-hydroxy, 8-methoxy-7-methyl. 6-chloro-d-bromo, 8-methyl-d-bromo, 
6.7-dIf!uoro. 6,8-dlfluoro. 6,7-methylenedloxy. 6,6-dichloro. 5,8-dimethyl, 6,d-dlmethyl. 6.7-dlmethoxy, 8,7* 
diethoxy, 6,7-dibromo or 6.8-dibromo; or R\ R? and R3 together represent 5,7-dimethcxy-a-hydroxy, 5.8- 
dichloro-6-hydroxy, 8,7,8-trfmethoxy. 6.7,8-trimethyl, 8.7.8-trichloro. 5-fIupro-8,d<llbromo or S-chloro-8.8- 
dibromo; when R^ Is hydrogen, R^^ is hydrogen. 4 -methyl, 4'-chloro or 4'-fluoro: or when both Rf' and R^ 
are not hydrogen, they represent 3',5'-dlmethyl or a'-methyM'-fluoro; and Y is -CH2-CHa- or (E)^H « CH-. 

4. The compound according to Claim 3, wherein when both R^ and R^ are hydrogen, R^ is hydrogen. 8- 
methyl. 8-ethyl. 6-n-butyl. 6-trifluoromethyl, 6-chloro. e-bromo. 8-hydroxy. 8-methoxy or 7-dlmethylamino; or 
when R^ is hydrogen. R^ and R^ together represent 8.8-dichloro. 5.8-dimethyi. 8.B-dimethyl. 6.7-dlmethoxy. 
6.7-diethoxy. 6.7-dlbromo. 6,8-dibromo, 6.7-dif!uoro or 8,8-dlfluoro; when R3 Is hydrogen, R^ Is hydrogen, 
4'-fluoro or 4'-chloro: or R^ and R^ together represent a'-methyM'-fluoro; R' Is ethyl, n-propyl. l-propyl or 
cyclopropyl; and Y Is (E)-CH = CH-. 

5. The compound according to Claim 3, wherein when both R' and R* are hydrogen. R^ Is hydrogen. 6- 
methyl or 6-chloro; or when R^ is hydrogen. R^ and R^ together represent 8,7-dimethoxy; when R^ Is 
hydrogen. R* is hydrogen. 4'-chloro or 4'-fluoro: R' is i-propyl or cyclopropyl: and Y Is (E)-CH ■CH». 

6. The compound ^according to Claim 1, which Is 
(E)-3.S-dihydroxy-7-(4'-(4"-fluorophenyl)-2'-(1 "-methylethyl)-qulnolln-3'-yl]-hept-6-enok: acid, a lactone 
formed by the condensation of the carboxylic acid with hydroxy at the S^position, or a sodium salt or Ci^a 
alkyl ester of 0ie carboxylic acid; 

(E)-3.5Kjihydroxy-7-(4'^4''-fluorophenyl)-2'-(l''-methylethyl)-6'<h!oro-quinolin-3'-yl]-hept-6^ acid, a 
lactone formed by the condensation of the carboxylic acid with hydroxy at the 5-position, or a sodium salt 
or Ci -3 aikyi ester of the carboxylic acid; ^ 

(E)-3,5Kiihydroxy-7-[4'-(4''-fluorophenyf>2'-<l''-methylethyi)^'-methyt-qulnoiin-3'-yl]^ acid, a 

lactone formed by the condensation of the carboxylic acid with hydroxy at the 5-position, or a sodium salt 
or Ci *3 alkyl ester of the carboxylic acid: ^ 

(E)-3,S-dihydroxy-7-{4'-(4''-fluorophenyl>2'-(l''-methylethy»)-8\7-dimethoxy-qulnolin-3'-ylhhept-^e 
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acid, a lactone formed by the condensation of the carboxytic acid with hydroxy at the 5-position, or a 
sodium salt or Ci -3 ailcyl ester of the cartoxylic acid: 

(E)-3.5<llhydroxy-7-(4'-(4"-fluorophenyl)-2' cyclopropyi-quinolin-3'-yll-hept-6-enolc acid, a lactone formed 
by the condensation of the carboxylic acid with hydroxy at the S^position. or a sodium salt or Ci -3 atlcyl 
ester of the carboxylic acid: 

{E)-3>dlhydroxy-7-(4'-(4''-fluorophenyl)-2'<yclopropyl-e'H:hloro-quinolln-3'-yi]-hept'^ acid, a lactone 
formed by the condensation of the carlMixylic add with hydroxy at the 5-position, or a sodium salt or Ci -a 
allcyl ester of the carboxylic acid; 

{E)-3,5-dihydroxy-7-{4'-(4" fluorophenyl)-2'-cyclopropyl-6'-methyl-qulnoIln-3'-yl]-hept-6-enoic acid, a lactone 
fonmed by the condensation of the carboxylic acid with hydroxy at the 5-position, or a sodium salt or Ci -a 
allcyl ester of the carboxylic acid: 

(E>-3,5-dlhydroxy-7^4'-(4"-fluorophenyl)-2'<yciopropyl-6\7'-dimethoxyH5uinolin-3'-ylhhept-8^ acid, a 
lactone formed by the condensation of the carboxylic acid with hydroxy at the s-fxssitlon, or a sodium salt 
or Ci -3 allcyl ester of the carboxylic add; 

(E)-3.5-dihydroxy-7-[4'-(4"-chlorophenyl)-2'-(l''-methylethyl)-quInolln-3'-yl]-hept-e-enoic acid, a lactone 
formed by the condensation of the carboxylic acid with hydroxy at the 5-posltion, or a sodium salt or Ci-a 
allcyl ester of the carboxylic acid; 

(E)-3,S-dihydroxy-7-[4'-{4"-chlorophenyl)-2'-(l''-methylethylh8'-chioroK?ulnolin-3'-yl]-hept-e^ add, a 
lactone formed by the condensation of the carboxylic acid with hydroxy at the 5-position. or a sodium salt 
or Ci -3 allcyl ester of the carboxylic add; ^ 

(E)-3.5-dihydroxy-7-[4'-<4"-chlorophenyl)-2' (l"-methy!ethyl)-8'-methyl-quinolln-3'-ylhhept-6-enoic add, a 
lactone formed by the condensation of the carboxylic acid with hydroxy at the 5-position, or a sodium salt 
or Ci -3 alkyi ester of the carboxylic add; 

(E)-3.5-dlhydroxy-7-I4'-(4''<hlorophenyiy-2'-(l''-methyiethyl)-e\7'-dimethoxyK|uinolln-3'-yl}^ 

acid, a lactone fomned by the condensation of the carboxylic add with hydroxy at the 5-p08ition, or a 

sodium salt or Ci -3 allcyl ester of the carboxylic acid; 

(E)-3.5-dihydroxy-7-I4'-(4"-chIorophenyl)-2'-cyclopropyi-quinolin-3'-ylhhept-S-enoic acid, a lactone formed 
by the condensation of the carboxylic add with hydroxy at the 5-position, or a sodium salt or Ci -3 alkyI 
ester of the carboxylic acid; 

(E)-3,5-dihydroxy 7-[4'-(4"-chtorophenyl)-2'-cyclopropyl-8'-chloro-quinolin-3'-yl>hept-6-enolc acid, a lactone 
formed by the condensation of the carboxylic acid with hydroxy at the 5-positlon. or a sodium salt or Ci -a 
allcyl ester of the carboxylic acid; 

(E)-3,5Klihydroxy-7K4'-(4''<hlorophenyl)-2'-cyclopropyl-6'-methyl-quinolin-3'-yll-hept acid, a lac- 

tone formed by the condensation of the carboxylic add with hydroxy at the 5-position, or a sodium salt or 
Ci -a alkyi ester of the cartaoxylic acid; ^ ^ ^ ^ • 

(E)-3.5-dihydroxy-7-[4'-(4''-chIorophenyl)-2'-cyclopropyi-6'7'-dimethoxy-quinolin-3'-yl]-hept-6-enoic acid, a 
lactone fomned by the condensation of the carbcocylic add with hydroxy at the 5-position. or a sodium salt 
or Ci -a alkyI ester of the carboxylic acid; 

(E)-3,5-dlhydroxy-7-I4'-phenyl-2'-(l"-methytethyl)-quinoiin-3'-ylhhept-8-enoic acid, a lactone formed by the 
condensation of the carboxylic add with hydroxy at the S-position, or a sodium salt or Ci -3 alkyi ester of 
the carboxylic acid; , , „ , , 

(E)-3,5-dihydroxy-7-[4'-phenyh2' (l"-methylethyl)-6'-chloro-qulnolln-3 -yll-hept-6-enolc add, a lactone 
formed by the condensation of the cart)oxyllc add with hydroxy at the 5-position, or a sodium salt or Ci-a 
alkyI ester of the carboxylic acid; 

(E)-3.5-dihydroxy-7-[4'-phenyl-2'-(1 "-methy lethyl)-6'-methyl<iuinoIln-3'-y lhhept-6-enoic add, a lactone 
formed by the condensation of the carboxylic add with hydroxy at the 5-position, or a sodium salt or C1-3 
alkyi ester of the carboxylic acid: 

(E)-3.5-dihydroxy-7-I4'-phenyi-2'-(l"-methylethyl)-e'.7'-dimethoxy-quinolin-3'-yihhept-6-enoic acid, a lac- 
tone fonmed by the condensation of the carboxylic acid with hydroxy at the 5-position, or a sodium salt or 
Ci -a alkyI ester of the cartx>xylic acid; 

(E)-3,5-dihydroxy-7-[4'-phenyl-2'-cyclopropyl-qulnolln-3'-yll-hept-6-enoic add. a lactone formed by the con- 
densation of the carboxylic add with hydroxy at the 5-position, or a sodium salt or C1-3 alkyl ester of the 
carboxylic acid ; ^ ^ 

(E)-3.5-dihydroxy-7-[4'-phenyl-2'-cyctopropy^6'-chloro-quinolin-3'-yi>hept-6-enoic acid, a lactone formed by 
the condensation of the carboxylic acid with hydroxy at the 5-position. or a sodium salt or Ci -3 alkyi ester 
of the carboxylic add ; , , 

(E)-3.5-dihydroxy-7-[4'-phenyl-2'-cyclopropyl-6'-methyl-quinoiin-3'-yl]-hept-6-enoic add. a lactone formed 
by the condensation of the carboxylic add with hydroxy at the 5-position. or a sodium salt or Ci *a alkyl 
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ester of the carboxylic acid: 

(E)-3,5-dihydroxy-7-(4'-plienyl-2'-cyclopropyl-6\7'<limethO)(y<|uinolin-3''yl>hept^ acid, a lactone 

formed by the condensation of the carboxylic acid with hydroxy at the 5-po8ition. or a sodium salt or C1-3 
alkyi ester of the carboxylic acid; 

(E)-3.5<lihydroxy-7-[4'-(4''-fluorophenyl)-2'-(l''-methyIethylhe'-nriethoxy<|uinolin-3'-yl]-hept-6^ acid, a 
lactone formed by the condensation of the carboxylic acid with hydroxy at the 5-position, or a sodium salt 
or Ci -3 alkyI ester of the carboxylic acid; or 

(E)-3,5-dihydroxy-7-[4'-<4''-fluorophenyl)-2'-cyclopropyl-6'-methoxy<juinolin-3'-ylhhept^ acid, a lac- 
tone formed by the condensation of the carboxylic acid with hydroxy at the 5-position. or a sodium salt or 
Ci -3 allcyl ester of the carboxylic acid. 

7 . An anti-hyperiipidemla agent containing the compound of the formula I as defined in Claim 1 . 

8 . An anti-hyperllpoproteinemia agent containing the compound of the fbrmula 1 as defined In Claim 1. 
9 . An anti-atherosclerosis agent containing the compound of the formula I as defined in Claim 1. 

10. Use of a compound according to claim 1 in manufacture of a therapeutic agent for reducing 
hyperlipidemla, hyperlipoproteinemia or atherosclerosis. 
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